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Description 



It is known that aqueous media can be thickened by the presence of high molecular weight synthetic 
polymers either in solution or In the form of swollen partides. If the polymers aie In solution the thickening 
is probably due to entanglement of polymeric chains. If the poiymeis are swollen the thickening is probably 
due to Inter-parficulatd aftractlon and soh^ent invnobillsf^on. 

It is known that thickening in some instances can be Improved by including in the polymer pendant 
hydrophobic groups, the improvement apparently being due to association between the hydrophobic groups 
in adjacent molecules and the polymers containing such groups are often refenned to as associative thick- 
eners. 

GB 1 ,167 ,524 describes thickeners that are said to be effective in solutions of surface active agents 
and that are copolymers of at least one ethylenically unsaturated monomer with a comonomer that is, for 
instance, an acrylic ester or an allyl ether of a polyalkoxylated ateohoJ that may be aliphatic or aromatic. 
This polyalkoxylated alcohol thus provides the pendant hydrophobic groups. Particular allyl ethers of this 
general type, and copolymers formed friom them, are also described in GB 1,273,552. 

All the examples in these patents of copolymers using allyl ether show the copolymer to be soluble in 
water. The comonomer with the ether or ester is said to be acrylic acid, acrylamide. vinyl pyrollidone or 
maleic anhydride or a blend of maleic anhydride with a compound which nomnally copolymerises in alter- 
nating sequence. The use of maleic anhydride alone or in such a blend will tend to gWe a low molecular 
weight compared to the values cuniently available when copolymerising, for instance, acrylic add. 

In most of the examples tfie comonomer is maleic anhydride, optionally with methyl vinyl ether, but In 
example 12 of GB 1,167.524 and example 8 of GB 1,273.552 the allyl ether is oopolymerised with acrylic 
add to form a water soluble pdymer. The Infomiatfon in each example suggests that the molecular weight 
is low. 

In an of the examples showing the use of allyl ethers, polymerisation is conducted by predpltation 
polymerisation. Thus pdymerisation is conducted in a liquid that is a solvent for the monomer but not for 
the pdymer. so that polymer is precipitated out of the sdution during pdymerisation. This technique tends 
to produce rather low mdecular weights. 

The intention to form low molecular weight compounds is emphasised by example 13 of GB 1,167,624 
in which a copolymer is formed by aqueous sdution polymerisation of acrylamide and an acrylic ester with 
a pdyethoxylated nonyl phenyl alcohol since isopropanol is induded in the polymerisation mixture. This will 
ensure that a relativdy low molecular weight pdymer is produced. 

It Is well known that ally! monomers polymerise much less readily, and yield oopolymeis of lower 
molecular weights, than acrylic or other vinyl monomers. In US 4451628 allyl sulphonate Is used to depress 
molecular weight Another allyl monomer Is diallyl dimethyl ammonium chloride and It is well known that 
pdymers of this generally have a maximum mdecular we^ht of below 500,000. 

The fact that the use of allyl mononters causes the resultant homo- or co-pofymer to be of low mdecular 
weight is discussed frequently In the literature, for instance In "Functional Monomers" Vdume 1 edited by 
Yocum and Nyquist pages 384 to 387. It is stated in this that allyl monomers polymerise with difficulty to 
give products of low mdecular weight and their presence will retard both the rate and degree of polymeri- 
sation of other copolymerisable monomers. It Is stated that the polymerisation kinetics of aHyl monomers 
are detennined by degradative chain transfer which results in the fomiatlon of a stable iadk:ai that has low 
activity for chain propogation. The artide describes ways of trying to obtain higher molecular weights but 
the highest value obtainable is said to have a degree of pdymerisation of the order of 1 ,000 to 1 0,000. The 
mdecular weight is therefore still low by the standards of acrylic or other vinyl monomers since these can 
easily be pdymerised to molecular weights in the range 1 0 mUllon to 30 million, provided chain transfer agent 
Is omitted. 

Since the techniques and comonomwrs that were spedfically described in GB 1,167.524 were all such 
as to lead inevitably to relatively low mdecular weight pdymers it was reasonable to propose the use of 
allyl ether monomers. They would be expected to give the sort of mdecular weights that deariy were Inten- 
ded to be achieved in the processes of that patent and GB 1,273,552. In practtee the produds of these 
patente have not proved commercially very successful. 

In mariced contrast to these low mdecular weight allyl ether and acrylate copolymer has been the com- 
merdal success of associative polymere formed sddy from acrylic monomers and by techniques that would 
normally be expeded to give high molecular weights. The literature rdating to these pdymers generally 
Indicates mdecularweights in the range 100,000 (in the presence of chain transferagent) to several million. 
Instead of making the pdymers In the presence of a relatively large amount of isopropanol or by predpltation 
polymerisation or using comonomers such as maleic anhydride blends, all of which will tend to give low 
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molecular weights, the successful associafive thickeners are generally made by oil-ln-water emulsion 
polymerisation or by aqueous solution or gel polymerisation, and can have veiy high molecular weights. If 
for a particular purpose the highest molecular weights are to be avoided veiy low amounts of chain transfer 
agent are incorporated to depress molecular weight but the resultant mdeoular weights will generally still 

5 be well above those made by the processes described in GB 1 167524 and 1273552. 

in EP 48094 the pendant hydrophobic group is introduced as a polymeiisafjon initiator or chain transfer 
agent (tending to depress molecular weight) in the polymerisation of aaylamlde. In EP 63018 and U.S. 
4,423,199 and 4,524.175 the hydrophobic group Is Introduced as a subsequent in acrytamlde. 
The JP 60-23581 5A the pendant hydrophobic group Is introduced as a vinyl ether. 

10 The great majority of literature on assodatWe thickeners, and all ooinmero ia l products, introduces the 
hydrophobic group as an ester of an unsaturated cartxixylic ackl (gener^ (meth) acrylic add) that Is 
copdymerised with one or more monomers that are always vinylic, and are usually (meth) acrylic. Thus In 
U.S. 3, 915, 921 and U.S. 4,190,562 the hydrophobic group Is Introduced as a C^f^ alkyl ester of (meth) 
acrylic acid. In U.S. 4,138,381 , 4,268,641 , 4,384,096 and 4,463,151 , EP 13836 and EP 109820 and in GB 

IS 1 ,167,524 an ester is fonned between an unsaturated add and a hydrocaibyl ether of a pdyalkylene glycol. 
When the polymers are linear It Is clear that increasing molecdar we'ight generally gives increasing 
thickening properties (although it may also give flocculation of suspended sdids) and so the use of mono- 
mers that make it impossible to obtain high the mdecular weights is dearly contra-indk:ated. In those par- 
ticular Instances %vhere lower molecular weight is desired, e.g.. If tlocculalion of suspended solids Is to be 

20 avoided, then this Is best achieved commercialiy by using the same monomer blend as wni give high mdecu- 
lar weight together with a low amount of a chain transfer agent such as a mercaptan. 

Similarty, when the polymers are cross linked experience In other polymerisation techniques for making 
thickeners generally indicates that the best polymer properties are obtained when the cross linked polymer 
Is fomfied firom monomers that. In the absence of cross linking agent, would give the highest possible 

25 mdecular weight Thus cross linked polymers should also be formed from acrylic monomers in the absence 
of monomers that will significantiy reduce nx)lecular weight 

The present state of the art therefore is that when manufacturing cross linked or, espedally, linear 
pdymers that are to be used for. for instance, thickening the best properttes generaQy 1dlow1)x)m the use 
of monomere capable of pdymerising to very high molecular weights optkHially with a chain transfer agent 

30 such as a mercaptan, allyl monomers are known to be incapable of giving high mdecular weights, and the 
processes in GB 1,167,524 and 1,273,552 deariy all gave linear polymers of mdecular weights much less 
than those that would now be oonsklered to be necessary for satjsfactoiy properties. 

Polymers such as those described In EP 13836 are made by oiMn-watm-emulston pdymerisation and 
swell or dissolve upon the addition of alkali. They have proved commercially successful but there is still con- 

35 siderade room for improvement in their properties. 

For Instance one use of the polymers is for thickening aqueous solutions containing an electrdyte. The 
sdutions may therefore have relatively high pH. Also they niay be used under conditions of high tempera- 
ture. Unfortunately high pH and/or high temperature can result in hydrdysis <tf tiie ester linkage by which 
the hydrophobic group is attached. 

40 A problem that is often encountered commercially with thickeners such as in EP 13836 is that they may 
cause foaming, and print quality (when used in textile printing pastes) may need improvement in some Inst- 
ances. 

Despite all tiie experience indicating that It is essential to use, when making thickeners, only monomers 
capable of giving high molecular weight polymers, we have nowfound that a particular dass of new polymers 
45 fonned from monomers induding a particular type of aliyi monomer have surprisingly vduable thickening 
properties. 

In US 4338239, pdymeric thickenera are described that are made firom monomers that can Indude an 
allyl monomer of a type suitable for use In the Invention, but the polymers made from such monomers are 
subject to variable cross linking since the monomers indude glyddyl etiier groups and these will react during 
50 the pdymerization to form crosslinking groups. This technique is unsuiteble for the production of polymers 
of carefully controlled and optimum thickening properties. 

A pdymer according to the invention is selected from linear pdymers having intrinsic viscosity (as 
herein defined) above 0.5 dl/g, cross linked polymers and polymers tiiat are insoluble and non swellable in 
water but ttiat are soluble or swellable In aqueous acki or aqueous alkali and which are formed by mixing 
55 and then polymerising 

(a) 0 to 90% of ethylenlcally unsaturated bnic monomer, 

(b) 0 to 90% of ethylenlcally unsaturated substentially non-tonic monomer, 

(c) 1 to 100% of ether of tiie formula CHa^CR'ChfaOBnR where R' is hydrogen or metiiyl, B is 
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efhyleneoxy. n is zeioor an integer, generally 1 to 100, and R is a hydrocarbyl group of 8 to 30 carbons 
selected firam allcyl, aralkyi, aryl, alkaiyl and cydoalkyl, 
. (d) 0 to 1% of cross linking agent, that is a copolymerisable polyethylenicany unsaturated monomer. 
Throughout this spedfication all percentages are by weight unless otheiwise specified. All infrinsic vis- 
5 coslties are single point intrinsic viscosity as measured at 0.05% |K)lymer concentration in methanol 

The preferred polymers of the invention are made by oil-in^water emulsion polymerisation and are sub- 
stantially insoluble and non swellable in water but are soluble or swellable in aqueous acid oraqueous alkali 
and aire formed from 5 to 90% of monomer (a), 5 to 90% of monomer (b), to 90% of monomer (c) and 0 to 
1% of monomer (d), and so the invention is now descrii>ed with particular reference to these. 
10 The oO-in-water emulsion polymerisation is conducted using suffidentof an appropriate emulsifier. as 
is conventional. The final polymer Is insoluble and substantially unswoflen in the aqueous phase of the 
pdymerteation mbcture but due to the Ionic monomer, is soluble or swdlable upon appropriate pH adjust- 
ment, generally to below pH 7 when the monomer (a) is tree amine and to above pH 7 when the monomer 
(a) is free add. The solubility of the monomers In the aqueous phase may be conventional for oO-in-water 
IS enfiulston polymerisation. Generally the blend of monomers, and often each monomer, is Insoluble in the 
aqueous phase but some water solubility can be tolerated provided the monomers afl migrate during the 
polymerteation into the micelles of emulsifier. 

Monomer (a) is preferably a vinyl, generally acrylic, monomer and may be aco-tonlc blend of monomers. 
When monomer (a) is antonic upon addition of alkali, the monomer and Ks amount must be such that additton 
20 of alkali renders the polymer soluble or swellable. The monomer is generally a carboxylk: monomer as free 
add during the polymerisation. The monomer generally contains 3 to 8 carison atoms. It may be a mono- 
carboxylic add. a dicarboxylic acki or, for instance, a monoalkyi ester of a dicarboxylic acid. The add may 
be selected finom acrylic, methacrylic, iteconic, crotonic, fumaric, clfraoonk: acryloxypropionk: or maleic 
adds. Preferably at least 50%, and most preferably 100%, of component (a) is provided ty mettiacrylic 
25 and/or acrylic add, with metiiacryllc being partlculariy preferred. 

When monomer (a) is cationic, the monomer and its amount mi^t be such that the addition of add or 
quatemlsing compound, renders tiie polymer soluble or swellable. The monomer generally Indudes a ter- 
tiary amine group as a free base during polymerisation and tills Is then converted to tfie cationic form as 
an add salt or quaternary ammonium salt. DialkylamlnoalkyI (meth) acrylamides may be used. For instance 
30 tfie aminoalkyl group may contain 2-8 carbon atoms, preferably 1 , 3-propylene, and tiie other alkyi groups 
may contain 1 to 4 carbons. The prefenred monomers are dialkylaminoalkyi (metii) acrylates. The preferred 
monomers are dtmethylaminoethyl (metii) acrylates and dimethylambiopropyl (metii) acrylamides. 

The amount of monomer (a) must be such that the blend of components (a), (b), (c) and (d) can be 
polymerised by oiMn-water emulsion polymerisation to form an emulsion of tfie polymeric thickener in which 
35 tiie polymer is Insoluble and substentially unswollen and non-thickening but tfiat, after polymerisation, the 
eimilston can be converted by addition of alkali or add into a viscous system tiilckened by tiie polymer. It 
is generaRy necessary for tfiere to be at least 10%, usually at least 20% and preferably at least 30% of tiie 
k>nic monomer. The amount is generally below 70%, usually be low 60%. 

Monomer (b) Is preferably a vinyl, generally acrylic, monomer and may be a blend of monomers. The 
40 monomers are generally water insoluble but a minor proportion of monomer (b) may be a water soluble 
monomer such as acrylamlde. By water insoluble monomer In tfie context of tiie present spedficatibn we 
mean monomer that is soluble in water to a degree of up to 5% at room temperatore. Suiteble monomers 
are styrene and alkyl and/or halo-substituted styrenes, (meth) acrylonitrile, vinyl alkanoates (especially the 
acetete), vinyl and vinylidene halides (especially the chlorkJe), hydroxy alkyl and alkoxy alkyl (meth) acry- 
45 lates and, alkyl (meth) aciylates. Preferred monomers are s^ne, 2-hydroxy etiiyl acrylate, acrylonitrile, 
vinyl chloride and vinyl acetate and the alkyl (meth) aciylalBS. Preferably at least 50% by weight of compo- 
nent (c), and most preferably 100%, Is all^ (metii) aciylate. In all these monomers any alkyl groups may 
contein 1 to 8 carbon atoms but particulariy prefen-ed monomers are Ct.^ alkyl (metii) acrylates such as 
metfiyl methacrylate, butyl acrylate or, ethyl acrylate. 
so Monomer (b) is generally present In an amount of at least 15%, usually at least 20% and preferably at 
least 30%. The amount Is generally below 80%, usually below 70% and preferably below 60%. 

Normally monomere (a) and (b) are free of hydrophoblcgroups R and should preferably be conventional 
low molecular weight monomers. 

Monomer (c), which Is refenred to below as the "allyl ethei*, preferably indudes a pdyethoxy chain and 
55 so n is generally above 2, often above 5 and frequentiy above 10 or 15 up to 50 or even up to 100. Thus a 
pdyoxyethylene chain between tiie allyl group and the hydrophobe is generally present but it may be inter- 
njpted by oxypropylene and/or oxybutylene groups. By appropriate choice of tfie values of n, and R it is 
possible to control the solubility of the monomer and tfie properties of tiie final polymer. R' is generally hyd- 
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rogen. 

Ris a hydrocarbyi group that contains from 8 to 30, preferably 10 to 24 and most preferat)Iy 12 to 18 
cart)on aton^. It may be selected from alkyi, for instance octyl, lauryl or stearyl, aralkyi such as 2-phenyl 
ethyl (-C2H4Ph), aiyf such as naphthyl, afkaiyf such as alkyl phenyl wherein the aikyl group generally con- 
5 tains 6 to 12 carbon atoms, cydoalkyi (including polycydic alkyl groups), or mfoctures of one or more such 
groups. Preferred hydrocarbyi groups are alkyl and alkaiyl groups. Any of these groups may additionally 
be substituted provided the substituents do not render the pendant group hydnophilte to an extent that the 
desired Improvement in properties due to the hydrophobte grojp is lost 

The amount of thealiyi etheris atleast 1% and usually at least 2%. Itis generally below 70% and usually 
10 below 50%. Aniounts in the range 5 to 30% are often prefeired. 

The ally! ethers may be made by methods such as those described in GB 1,273,552, far instance by 
reacting an appropriate surfactant alcohol with sodium or sodium aikoxide, generally in the absence of water 
but in a solvent such as xylene, to form the sodium derivative and then reacting this with allyl chloride, or 
by reacting allyl alcohol with the surfactant alcohol with or without catalyst Preferably however the ailyl 
IS ethers are made by the method described in our copending applicatton filed even date EP-A^13800. 

Monomer (d) is optional and serves as a cross linker. Suitable cross linkers for emulsion polymerised 
ethylenicaily unsaturated monomers are well known. They are generally polyethylenk:aIly unsaturated 
monomers materials such as dialiyl phthalate, allyl (meth) acrylate, divinyl benzene, (poly) ethylene glycol 
dimethaciylate and methylene bis acrylamide. If the cross linker is present its amount is generally in the 
20 range 0.0005 to 1% (5 to 10.000 ppm),nnost preferably 0.001 to 0.2%. Fbr Instance, as ment^^ 
it may be up to 0.1 % by weight 

Particulariy prefen*ed copolymers are those formed from 20 to 60% by weight acryfic ackJ and/or 
methaciyfic acid (preferably methacrylic acM alone), 5 to 80% ethyl acrylats or other suitable alkyl (meth) 
acrylate and 2 to 50% of the allyl ether, optionally with cross linker. 
25 Other preferred polymers are fonned from 20 to 60% dialkylaminoalkyi (meth) -acrylate or -acrylamide, 
5 to 60% ethyl acrylate or methyl methaoylate or other alkyi (meth) aciylate, with 2 to 50% monomer (c), 
and optionally (d). 

The polymers may have a molecular vreight well above 0.5 millton and generally above 1 million, eg 
above 2 miOlon and often above 5 million, when they are prepared in the absence of chain transfer agents. 
30 This is far in excess of what would be expected from knowledge of allyl polymerisations in general. However 
for some purposes the highest molecular weights are undesirable because of the risk of fkMXulation occur- 
ring when the thickener is used In a system containing suspended soikls. Accordingly it is sometimes desi- 
rable to polymerise in the presence of a chain transfer agent In order to depress molecular weight eg down 
to 100000 or 200,000. 

35 The intrinsic viscosity (namely the single point intrinsic viscosity as measured at 0.05% polymer con- 
centratton in methanol) of linear polymers is generally at least 0.5 and when there is no sdki phase the iV 
is preferably at least 1 and preferably at least 2. 3 or even 5, for instance it may be 5-10 or higher. 

Cross linked, emulsion polymerised, polymers are polymers made from monomers (a), (b) and (c) under 
condittons that would. In the absence of cross linker (d), lead to linear polymers having these preferred 

40 mtriecular weight and viscosity properties. 

The emulston polymerised polymers of the inventton differ from those of GB 1,167,524 and 1,273,552 
in a number of respects. They are made by oil-in-water emulsion polymerisatk>n, this permitting much higher 
molecular weights. They are insoluble and unswollen at the pH at which they are manufactured, and soluble 
or swollen at another, whereas the anbnic polymers of GB 1,167,524 are water soluble. The molecular 

45 weights that are obtained fai the invention can be very much higher than anything obtainable in those patents. 
The reason for our being able to obtain high molecular weights is not dear but may be due to the effect of 
the group -BnR on the polymerisation properties of the ally] monomer. The comonomers preferably are such 
as to permit high nrK){ecular weights and preferably are not such as to reduce molecular weight (e.g., maleic 
anhydride with methyl vinyl ether, as in those patents). 

50 Other disclosures of polymers containing allyl ethers are in EP 0172723, 0172724 and 0172025, none 
of which were published at the priority date of this application and all of vMdtu so far as the allyl ether dis- 
ck>sure is concerned, have the same priority date as this application. 

The polymers differ from the polymers disclosed in, for instance, EP 1 3836 by omitting the acrylic ester 
for introducing the hydrophobic group and using instead the defined allyl ether. It is very surprising that this 

55 substitutton can be made wIthcHJt seriously reducing the molecular weightand without dannaging the proper- 
ties of the polymer. It is surprising that the polymers have viscosity and other properties at least as good 
as those of EP 13836 and in ntany respects better. By the invention the risk of the hydrophobic group being 
hydrdysed out of the polymer chain by thermal or pH hydrolysis of the ester linkage is eliminated, it is also 
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possible to avofd the other problems outlined above. 

The oil-in-water emulsion polymerisation may be oonducted in oonyentional manner, for Instance as 

described in EP 13836. Emulsif^r is Included to maintain the monomer and the polymer in stable dispersed 
condition and to pro^e micelles for the polymerisation. When monomer (a) is anionic, suitable emulsriers 
5 . are anionic, such as sodium alkyi phenyl ether sulphate or sodium lauiyl sulphate or sodium dodecyl ben- 
zene sulphonate, but may be non ionia When ntonomer (a) is cationic, the emulsr^r is prefeiably non-tonia 
The Initiator Is preferably a water soluble initiator, most preferably an alkali metal or ammonium per- 
sulphate, generally In an amount up to 1% based on the monomers. Preferably polymerisation is started 
and further monomer is then added. The polymerisation temperature is geneially in the range 60 to 1 0CX. 
10 Although it is generally undesirable, in some instances a chain transfer agent such as an alky! mercap- 
tan may be added to the monomer in order to depress mdecularweight for example to minimise floccutation 
during thickening. 

The amount of monomer, and thus of polymer, in the emulsion is generally from 20 to 60%, nx>ist pref- 
erably 25 to 50%, based on the weight of emulsion. The enrmlston has a pH at which the polymer is insoluble 

15 and sut>stantially unswollen in water (7 or below when monomer (a) is antonic and 7 or above when it is 
cationic) but upon addition of alkali or acki (for anionic or cationic polymers respectively) the polymer dis- 
solves or swells and wfll fonm a very viscous composition. The polymer can be isolated from the water after 
or, preferably, before the adjustment of pH by, for Instance, spray or drum diying to form a powder or the 
polymer may be converted to a concentrated, substantisdiy anhydrous, disperskm in a non-aqueous Ik^uld 

20 as described in EP 0172025. Often however it is convenient to use the polymer in the form of ttie oif-in^ter 
emulston in whksh it is initially produced. The pH adjustment may be made to this emulsion before use but 
preferably the emulston is added to the phase ttiat is to be tiiickened while tiie polymer is still insoluble and 
unswollen and the polymer Is converted to a viscous thidcener by reaction witii alkali or add in tiie aqueous 
phase. The pH of this aqueous phase may be as high as, for instance. 13 or 14 when tiie monomer (a) is 

25 anionic and as low as 1 or 2 when monomer (a) is cationkx 

The emulsion polymerised polymer is generally supplied to ttie user as an oOnn-water emulsion but if 
desired may be converted to a water-in-oil dispersion (or a dehydrated product tiiereof) before use, e.g.. 
as described in EP 172025. 

Improved thickening is often achieved in the presence of a surface active agent, generally in an amount 

30 of from 0.05 of 1 part by weight surfectant per part by weight polymer. Surfactants that wll give ttiis effect 
may be selected from anionic, non-k>nic amphoteric or cationic provided they are compatible with the 
polymer and the otiier components of the aqueous phase. Preferably ttiey are non-ionic or antonte. Preferred 
surfactants are etiioxylated linear alkyl ethers or ethoxylated all^ phenyl ethers. Often the surfiactant Is tiie 
same as or similar to a surfactant alcohd that has been used to form tiie allyl ether. 

35 The pdymers are of particular value for fliickening aqueous media containing electrolyte and optionally 
containing a dispersed phase. For instence the pdymers may be used for thickening chemically toxic 
aqueous compositions. These may be alkaline compositions such as bleaches, caustics and paint removers 
when monomer (a) is anionic. They may be acidic when monomer (a) is cationic. For instance a cationic 
polymer may be Introduced into an envbrnment and then thickened by adding acid. 

40 The pdymers (espedally when monomer (a) is anionic) are of particular value for tfiickening aqueous 
latex paints, botii matt» semi-matt and gloss paints. These may oontein conventional pigments, dispersante 
and binders. 

The polymers (especially when monomer (a) is anionte) are also of great value for tfiickening textile 
print pastes. Such systems indude for example reactive dye or acki dye, or pigment pastes especially where 
45 such pastes are prone to gelling. The oUier oomponente of tiie print paste may be conventional. In such 
pastes tiiey not only have the valuable h{gh shear and low shear viscosity properties tiiat are useful in aO 
tfitekening situations butthey also have tiie advantage of minimising flushing of the print colour. Particulariy 
good results are obteined In combination with surfactant 

Otherusesfor the pdymers are fortiiickening oils, as water retention aids, eg in cements, and as deicing 
so fluids, for tiitekening brine (e.g., downhole), for tfiickening carpet backing latioes and for tfiickening textile 
scing solution. 

The amount of pdymer used is generally in tiie range 0.05 to 5% weight based on tiie water content 
of the aqueous phase that is to be thickened. 

The polymers can be used for other purposes, e.g., as wallpaper adhesives. 
55 The invention also indudes water insoluble, add or alkali sweflable or sduble, pdymeis made by other 
techniques, e.g., polymerisation In solution in organic solvent 

The invention also indudes linear polymers irrespective of how tiiey are made and that are made in 
tiie absence of cross linking agent and that generally have molecular weight above 0.5 million. 
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They may be water insoluble and made firom the mononier blends and by the methods described above 
orthey may be water soluble. For instance they may be made from 1 to 100% monomer (c) and 0-99% water 
soluble monomers (a) and (b). These may have IV of at least 0.5 and preferably at least 3<fl/g e.g., as des- 
cribed above. 

5 Monomer (c) may be as described above. The polymers are preferably non Ionic or anionla 

The preferred soluble polymers have, as monomers (a) and (b), water soluble anionic monomer 
opttonally blended with aoylamide, water soluble cationic monomer optionally blended with acrylamide, or 
acrylamlde. Naturally the monomers should be free of pendant hydrophobic groups. 0-20%, generally 0- 
10% and preferably 0% water insoluble nK)nomer (b) can be Included. 
io One dass of preferred soluble anionic copolymers of the invention are formed of 5 to 50%. preferably 
20 to 40% aciyllc acid or other unsaturated carfooxylic or sulphonic add, generally as a sodium or other salt 
thereof, 50 to 90%. preferably 60 to 80%. by weight acrylamlde and 2 to 30% by weight of the allyl ether. 

Another dass of preferred soluble anionic copolymers are fenned of 50 to 100% (often 80-100%) of 
the add. 0 to 50% (often 0-20%) acrylamlde and 2 to 30% of the aliyi ether. 
IS PrBferredcatlonlcsolublepolyniersoftheinventionareformedof10to99%and^^ 

dialkyi amino alkyl (nr^)-acrylate or -acrylamlde quaternary or free add salt, 0 to 80% preferably 20 to 
70% acrylamlde, and 1 to 90%, preferably 5 to 50%, of the allyl ether 

The water sduble pdymers can be made by conventional methods of making water sduble pdymers 
but modified by the incorporation of the ally! ether, e.g., as in EP 0172723. Thus they may be made by 
20 aqueous gel pdymerisation or by reverse phase polymerisation. This process may be conducted to a very 
small dry partide size, such as below 4 ^m, for instance as described in European application 0172724 or 
may be conducted as a bead polymerisation process, using conventional water soluble initiators, stabilisers 
and, if desired, emulsifiers. Suitable nrtaterials are described In that application. Linear water-^uble pro- 
ducts may be made as in either of these specifications in the absence of cross-linking monomer. 
25 The soluble polymers may be provided as dispersions in non-aqueous liquid or as dry partides, for inst- 
ance made by bead polymerisatron fdiowed by drying and filtering or made by gel pdymerisation followed 
by diycng and comminuting. Depending upon tiie solubility of the monomers used for their manufacture the 
pdymers will either be truly water sduble or will t)e water swdlable. 

These pdymers are useful as flocculants, for instance as described in EP 017272. In addition to acting 
30 as flocculants for, for Instance, sewage or inorganic dispersions they are also of value as filtration aids and 
paper retention aids, as gangue suppressants as darificatbn improvers, for pdletising minerals, as dewa- 
tering sJds or filtration rate improvers as drift controllers in agricdtural spray oomposltbns, as son stabSisers 
or dust suppressants, and, especially, as thickeners for aqueous liquids. 

They are partlculariy effective for thickening any of the compositions described above induding paints, 
35 textile print pastes, or chemically toxk: and other aqueous ccHnpositions such as bleaches, caustics and 
paint remover compositions and, espedally, for thickenbig brine, dnHing muds and other downhde electro- 
lyte liquore such as for ac«fising or fracturing, especially when the polymer conteins sulphonate groups or 
cationic groups. Other downhole uses are as viscoslfiers for enhanced oil recovery, drilling fluids or shut 
off fluids, as fluid loss additives, and for polymer flooding. They may be used with surfectent, as described 
40 above. The soluble linear pdymere may have better suspending properties in respect of large or heavy inor- 
ganic partides than the emulsion polymers discussed above. 

Another use for the water soluble polymers Is as an aqueous adhesive, for instance a wallpaper adhe- 
sive that may be a brush-on composition or a prepaste. 

The Invention also inlcudes cross linked polymers. They may be non swellable in water but swellable 
45 In add or alkali and so may be made by emulston or organic sdutton polymerisation as described above. 
They may be fonned of 1 to 1 00% nrwnomer (c) and 0-99% mononrters (a) and (b), and 0.0001 to 1 % cross 
linking agent, where all the monomers may be as discussed above for emulsion polymerised polymers. 

Preferably the cross linked polymers are water swellable and the monomers and the polymerisation con- 
ditions, are preferably such that in the absence of the cross linking monomer the polymer would have IV at 
so least 1 . generally at least 2 and preferably at least 3, often above 5, for instence 1 0 to 20. 

Preferred water swellable polymera are formed from 1 to 100% ofthe allyl etiier, 0 to 99% water soluble 
monoethylenically unsaturated monomer and 0 to 20%, generally 0 to 1 0% and preferably 0% of water insd- 
uble monoethylenicaliy unsatorated monomer. Suiteble water sduble monomere are discussed above. 
Preferred swdlable polymers have, as monomer (b), water sduble anionic monomer optionally t>iended 
55 with acfylamlde, water sduble cationic monomer optionally blended with acrylamide, or acrylamkle. Natur- 
ally the monomere (b) should be free of pendant hydrophobic groups. 

One dass of preferred swellable antonic copolymers are fonnned of 5 to 50%. preferably 20 to 40% 
acrylk: acid or other unsaturated carboxylic or sulphonic acid, generally as a sodium or otiier salt thereof, 
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50 to 90%, preferably 60 to 80%, by weight aciylamide and 2 to 30% by w^gftt of the aliyi ether, ami cross 
, linking agent 

Another class of preferred anionic copolymers are fonned of 50 to 98% (often 80-98%) of the acid. 0 
to 50% (often 0-20%) acryiamide and 2 to 30% of the allyl ether, and cross Gnidng agent 
5 Preferred catlonic polymers of the invention are fonmed of 1 0 to 99% and preferably 20 to 70% diall^ 
amino alicyl (meth)-aciylate or -aciylamide quatemary or free ackjl salt 0 to 80% preferably 20 to 70% 
acryiamide, and 1 to 90%, preferably 5 to 50%, of the allyl ether, and cross linidng agent 

. The water swellable polymers can be made by conventional methods of making water swellable polym- 
ers but modified by the inoorporatton of the allyl ether. Thus they may be made by aqueous gel pdymeris- 
10 atton or by reverse phase polymerisation. This process may be conducted to a very small diy particle size 
such as below 4 pm, for instance as described in European application 0172724 or may be conducted as 
a bead polymerisation process, using conventkma! water soluble initiatore, stabilisers and, if desired, emul- 
sifiers. Suitable materials are described in that applteation. 

The polymers may be pravkied as disperstons in nonaqueous liquid or as dry particles, for instance 
IS made by bead polymerisation foQowed by drying and filtering or made by gd polymerisation followed by 
drying and comminuting. 

When tiie polymerisation is conducted to give a small particle size, for Instance below 4 pm dry size, 
and especially when the comonomers are anionic, especially acrylic acid ^ instance as ammonium or 
sodium acrylate) alone or blended with acryiamide the resultant compodGons are particulariy useful as 
20 textile print paste thickeners. 

Anionic water swellable polymers having a particle size of, for instance, 50 to 500 \im dry size are par- 
ticularly valuable as absorbents, for instance In diapers or for dewatering shnries or conditioning soil. Suit- 
able polymers for this purpose are generally fomned of 2 to 50% (preferably 3 to 30%) of ttie allyl ether, 0 
to 70% (preferably 30 to 60%) acrylamkle and 20 to 98%. preferably 30 to 50%, sodium acrylate and 0.001 
25 to 0.1% cross linking agent The polymers may be made by gel polymersatkm, drying and comminution to 
the desired size or by reverse phase bead polymerisatton. 

Alkali sweDable, small paitide size, polymers from water insoluble monomere are particulariy effective 
for tiik:kening latex paints and chemically toxic and otiier aqueous compositions such as bleaches, caustics 
and paint remover compositions and, especially, for thlckeneing brine, drSnng muds and other downhole 
30 electrolyte liquors such as for acklising or fracturing especially when the polymer contains cationic groups 
or sulphonate groups. Other downhole uses include viscosifiers for enhanced oil recovery, drilling fluids or 
shut off fluids, as fluid toss additives, and for polymer flooding. 

Other uses for the water swellable polymers is as an aqueous adhesive, for instence a wallpaper adhe- 
sive that may be a brush-on composition or a prepaste, as delcing fluids, or as water retention akls. 
35 When the polymer is present as water swellable beads the surface of the particles Is preferably less 
swellable tiian ttie inner parts of ttie particles, preferably as a result of cross Unking the suriace layer in 
known manner (e.g.. U.S. 3,1 14,651, 4,043,952 or 4,090,013. This treatment can reduce the stiddness of 
the particles and can improve the absorption properties. 

The following are some examples. 

40 

Example 1 

An emulsion of momomers in water was prepared by mixing 100 g of etiiyl acrylate, 80 g of methacryllc 
acid. 20 g of allyl etiier of 1 0 mde etiioxylate of stearyl alcohol, 5 g of Periankrol ESD (trade marie), 0.3 g 
45 ammonium persulphate and 200 g water. To a reactton vessel containing 2.5 g Periankrol ESD, 0.1 g 
ammonium persulphate in 255.8 g water at 85^'C, degassed for 30 minutes nitrogen there was added 
5% of the monomer emulsion over a period of 10 minutes. 

After tite initial charge had polymerised at85''C, tiie remaining nrK)nomer emulsion was gradually added 
over a period of two houre at BS^C. After completion of tiie monomer feed, tiie mbcture was held at 85''C 
so tor 15 minutes and tiien 10 g (tf 1% ammonium persulphate solution was added. After anotiier 45 minutes, 
the mixture was cooled and filtered. 

The filtrate was approximately 30% solids emulsion copolymer in which the polymer composition is 10% 
of the allyl etiier, 50% ethyl acrylate and 40% methacrylk: acid. 

The polymer tiius prepared was designated Product A. Furtiier samples of varying composition were 
55 prepared using this procedure. These were designated In turn as Products B-U. Solutions in water were 
prepared by neutralisation with ammonia to pH 7 or above and the resulting viscosity was measured using 
a Brookfleld RVT viscometer. This date along with composition variables is given in Tables 1a, 1 b. and 1a 
Note in table 1 
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MAA smethacryficacid 

EA s ethyl aoylate * - - - . . - 

AES = adyt ether surfactant of fonnula 

CHa^CR'CHaOBftR 

where R'-H 

B = {CHr-CH2-0) 

and n and R are as stated. 
In table 1 a POLYMER H was prepared without using an allyl ether surfactant monomer. This therefore 
served as a control. 

The original measurements were made in centipolses or poises and the units have been converted to 
Pa-s using the conversion factor IcP = IxiCH Pa-s 



Table la 



(%bywt) viscos m 

OPa.s) 10 xxHa 







EA 


AES 


n 


R 




FGOHER A 


40 


50 


10 


10 


Steaiyl 


14.0 


lOLXMro B 


40 


50 


10 


2 


Steaxyl 


8.4 


PGCXMER C 


40 


50 


10 


20 


Steaxyl 


7.2 


FQLSMER 0 


40 


50 


10 


4 


Lanayl 


0.15 


PCOMER E 


40 


50 


10 


23 


Leniryl 


0.6 


VaVSUEBL F 


40 


50 


10 


30 




140.0 


FGOMER G 


40 


50 


10 


25 




0.5 


FGUOIER H 


40 


60 








90*0 



Note : n • dodecyl loercaptan was included in each of the 
above recipes, at 0.2% on total monomer. 
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Table lb 



FRGDDCn? MQNGHEaR RKC3DS SDSETOnNT CXMFQSmCl^ SQUDHON 
(% by wt) VISOOSm 
CPa.s) lOipm 









AES 


n 


R 




FCISMER J 


40 


55.0 


5.0 


10 


Sbeazyl 


1.28 


PCIU2KEII K 


40 


52.5 


7.5 


10 


Steazyl 


20.8 


pCXJfMER I. 


40 


50.0 


10.0 


10 


Steazyl 


26.2 


PQLStKEK H 


40 


47.5 


12.5 


10 


Steazyl 


33.0 


FCESMER N 
















40 


45.0 


15.0 


10 


Steazyl 


53.6 


POLYMER P 


40 


42.5 


17.5 


10 


Steazyl 


72.0 


KSLSEMER Q 


40 


40.0 


20.0 


10 


StesoyL 


93.2 



Notes n - dodecyl mercaptan was included in each of t:he 
above recipes at 0.1% on total monomer. 



Table Ic 



WCSXJCD HGNCMER KKFIOS SDREAdaNT GGHFOSITOnS SQUDTION 

(% by wt) vrsGosmr 
' CPa.s] lOipm 





40 


50 


10 


10 


Steazyl 


ICC 


FCOMER R 


30 


60 


10 


10 


Steazyl 


31 


VCSJSIK^ S 


25 


65 


10 


10 


Steazyl 


IS. 8 


VCVUMER T 


20 


70 


10 


10 


Steazyl 


12.2 




15 


75 


10 


10 


Steazyl 


0.26 



Note: . n - dodecyl mercaptan was included in each of the above 
recipes at 0.1% on total monomer. 

Example 1d 

The effectiveness of polymers AA'AF prepared from other all^ (meth) aciylalB/cafboxylic add mono- 
mers is shown. 
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Table Id 

Moncmer Batio (% by wt,) Solutian 
Product Viscosity 





HAA 


AA 


lA MA 


EA 


BA 


MA 


AES 


(pa.s) at 


^ol^ner lA. 


40 




- 50 








10 


76.3 


Polyner AS 


40 








50 




10 


2.4 


Polymer fC 


35 


5 




50 






lo 


42.4 


Polymer AD 


30 


lO 




SO 






lO 


11.3 


Polyner AE 


37.5 




2.5 - 


50 






lO 


.48.0 


Polyaer AF 


40 






25 




25 


lO 


2.94 



Note : n-dodecyl mercaptan was included in each of the 
3UDove recipes at 0.1% on total monomer. 

The abbreviations used to denote the monomer are as follows :- 
MAA = methacrync acid 
AA - acrylic add 
lA -Itaoonteadd 
MA = methyl acfylate 
EA = ethyl acrytate 
BA = butyl aaylate 
MMA - methyl methacrylate 

AES s aOyi ether surfactant as previously defined with n=1 0 and RFSteaiyl. 
Example 2 

The Influence of electrolyte on the thickening efficiency of products of this type was investigated. Three 
potymere. having compositions as described below were prepared as 2X% active solutions in deionised 
water and 0.5% Nad solutbn. Sdutlon viscosities %vere measured using a Brookfield RVT viscometer over 
a range of speeds as indicated. 

POLYMER V: As POLYMER A but without n-dodecyl mercaptan 
POLYMER W: As POLYMER v but with 250 ppax 

diallylphthalate • 
POLYMER X: As POLYBftER H but with 250 ppm 

diallylphthalate 
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Table 2 



rnxxjcr 




2.5 xpm 




10 zpm 




100 igok 


^0 


0.5% NaCl 


H^O 


0.5 Nad 




0.5% NaCl 


PGCYHER V 


200 


272 


130 


180 


28.5 


35 


PGLYMESt W 


284 


240 


180 


85 


25 


22 


FGLSCMER X 


150 


11.2 


22 


3.7 


4.2 


0.68 



Polymer X having no aiiyi ether surfactant mononner was present to serve as a control. 
Polymer V had Intrinsic viscosity of 2.5 measured by single point method in methanol at 0.05%. 

20 Examples 

The Influence of additional surfactant on the thickening efficiency of products of this type was investi- 
gated. To 2.0% active solutions of POLYMER A was added increasing amounts of various surfactants. The 
solution viscosity was remeasured after each addition, and is listed in Table 3 as an index relative to the 
25 initial viscosity in the absence of surfactant 

Table 3 

30 

SUB^fiQEtXa. TSB SURFTOKNT OQOKERAXICN 





0.1% 


0.2% 


0.3% 


Laaryl alcohol. 4 ethco^late 


188 


258 


271 


Stearyl alaohol.lO etboocylate 


104 


115 


135 


Sodiunlauxyl sulphate 


163 


625 


798 


Sodium C^2'^5 alochol ether sulphate 


149 


214 


244 



45 Example 4 

To demonstrate the greater stability attained by linking the hydrophobe through an ether linkage rather 
than an ester linkage, and to eliminate variables due to other monomers in the polymer, a comparison was 
conducted between the hydrdytic stability of the ester of acrylic add with pdyoxyethylene (23 moles) lauryl 
50 ether and of the ether of the same lauryl ether with allyl alcohol (fanned by reacting the sodium derivative 
of the ether With alfyl chloride). 

A 2.0% solution of each monomer was placed In a thennostated water bath at 45''C. Each was taken 
to pH 1 1.0 with 0.0986 M NaOH. The pH was checked every hour and readjusted to pH 1 1 .0 by the addition 
of fiirfher NaOH. The volume of NaOH required was noted and hence the percentage hydrolysis was cal- 
55 culatad for each monomer. 
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Table 4 



TIME ACmaiE HQNCHES AEISL EIHER HONCHER 

hours ^ 

Vol NaOH(cni^) % Hydrolysis Vol NaOB(an?) % Hydrolysis 



0 1.05 0 1.00 0 

1 6.75 37.0 0 0 

2 12.70 69.7 0 0 
IS 3 18.10 99.3 0 0 



From this it is apparent that the aflyl ether linlcage Is much moie chemically staUe than the aoylate 
20 linkage. 

Examples 

In order to demonstrate the uselulness of polymers of this type for thickening aqueous alkaline solution 
25 eg caustics and paint removers, solutions of POLYMER A and POLYMER F were prepared 2.0% active in 
10% NaOH solutton. The resulting sdutkui viscosities were measured using a Brookfield RVT viscometer 
over a range of speeds. 

Table 5 
50 



BROOKFTFTf) ViaOOSITy (Pa.s] 



2.5 rpa 10 rpm 20 rjm 100 rpn 

52 24.5 16 4.6 

40 M^MERF 54 16.5 9,0 2.5 



35 



This deariy demonstrates the high level of thickening efficiency which polymers of this type are able 
4S to exhibit in such systems. 

Examples 

Emuiston Paints 

so 

Two nrtatt emulsion paints (MEP1 and 2} were prepared using polymers according to the invention and 
one (MEP3) using a conventksnal paint thickener Natrosd 250 HR^ Each paint was made to 65% pigment 
volume concentration fiiom the following *MIII Base' and "Let Down* recipes. 
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Kill Base 


Parts by weiaht 


Watier 


1S.OOV19.30*^ 


Dispersing agent 


0.46 


Bactericide 


0.05 


Hexylene glycol 


1.00 


Defoamer 


0.05 


Thickener 


1.00^/0.30^ 


0.880 airanonia 


0.20 


TitaniiUQ dioxide 


19,75 


Calcium carbonate 


19.75 


Talc 


6.59 


Let Down 




Latex binder 


16.18 


Coalescing solvent 


0.80 


Water 


18.77^/15.37^ 


0.880 ammonia 


0.40 



1 . Quantity used wit aqueous thickener of the invention in paints MEP1 and 2. 

2. Quantify used with conventional thickener in paint IMEP3. 
*Natrosol Is a trade mark. 

The components of the "MiD Base" were milled under hlgjh shear at 2290 rpm to Hegman Gauge 7-8. 
The components of the "ijet Down" were then added at a reduced speed of 890 rpm. The paints were then 
stored for a period of 7 days at room temperature before characterisation. 

Table 6 



Baint niicfcenBr Final Brocakfielcl Stonter Id Rotothinner 
Sanple (0.3% dry pH RVT 8 20 ipa Viscx>sity Viscosity 
Oode en total) (Pa.s) (Kzebs (Foise) 

Units) 



M£P*1 HX.YMERA 0.9 12.0 108 0.95 

MEP-2 RSLSMB^W 0.9 25.2 121 1.00 
MEP-3 Nzmmxi 

250HR 0.91 12 105 0.76 



Each of the above points was evaluated for its spatter properties using the following test procedure. 

A f)oard, approximately 30 x 42 cm was mounted vertically above a work bench the bottom edge being 
positioned 20 cm above the surface of the bench. A piece of black caid measuring 24 x 31.5 cm was then 
placed on the surface of the bench top directly below the board in order to catch any droplets or "paint mist" 
spattering from the roller. 

Each paint was poured in turn into a roller tray and applied to the vertical board using a lambswool rolier. 
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The standard conditions adopted for this test involved 10 upstrokes and downstiokes of the roller on the 
board. The black card was then removed for lnspectk)n. The degree of spatter %vas assessed visually and 
rated on a scale of 1-5 With 1 being excellent ; ie no spatter and 5 being very poor ; ie severs spatter. The 
results recorded were as follows : 

5 

Paint Sample Code Spatter 
MEP-1 2 - Very Good 

MEF-2 1 - Excellent 

MEP-3 4 Poor 

Example 7 

18 Carpet backing formulations 

The use of products of this type as thk^keners for carpet backing fovmulattons has been demonstrated 
according to the follovnng infomiatton. 



20 



25 



45 



60 



55 



Foznaula'tion 




A 


B 


Total Solids (nominal) 




76% 


40% 


Filler: Binder Ratio (dry: dry) 


8:1 


1:2 


Latex Binder (50% active) 




15.6 


49.5 


Calcium carbonate filler 




67.5 


13.0 


Surfactant 




0.1 


0.1 


Dispersant 




1.0 


1.0 


Thickener + Hater 


to 


100 to 


100 



30 



The anKxjnt of thickener was selected such that Fomiulatton A had viscosity 9 Pa-s (9000 cp) and B 
had viscosity 6 Pa-s (6000 cp), Brooicfield RVT viscometer, spindle 5 to 10 rpm. 
35 in this instance Polymer E fully neutralised as Na^ salt was contpared as thickeners with VISCALEX 
AH 1 0 (carboxylated ac^ic gel polymer sold by Allied Cdloids tJmited as a thickener for carpet backing 
compounds). The following results were obtained. 
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Table 7 



BRDCKEIEED VISQQSrK (Pa.s) 





FCXHDIACiai A 


KSHauaCIGN B 


TBSaSESER TtSE Viscalex AHIO 


Polymer E 


Viscalex MHO 


Polyner £ 


ADOHIGN I£VKL 

(% Dry on 
Total) 


0.16 


0.035 


0.90 


0.15 


Initial Viscosity 
Day 1 Viscosity 
Ocy 2 Viscosity 


9.1 
9.0 
9.0 


8.6 
8.6 

3.6 


S.8 
5.6 
5.8 


6.0 

6.2 
6.2 



The improved level of effiency of the polymers of the Invention Is dearly deomonslrated. 
Printing Pastes 

In the examples which follow, an print paste viscosities were measured with a Brookfield RVT viscome- 
ter at speed 1 0 rpm, spindle 6 at 20'C. Printing was earned out using a varied of screens, each being con- 
structed of 156 mesh polyester filament 

Example 8 

A printing clear was prepared according to the recipe given In Table 8. 
Table 8 



COMPONENT % by Wt 



Ammonia (0.880) 0.5 

Emulslfier* 2.0 

Odourless kerosene 40.0 

Binder latex (40% solids) 12.0 

Polymer W 1.7 

Water 43,8 



• e.g., ethoxylated nonyl phenol (14 moles ethylene oxide) 

A viscosity of 20 Pa-s (20,000 cp) was obtained after stimng for 10 minutes. The dearwas then divided 
and pigment printing pastes prepared by mixing 9.6 parts of this stock with each of tfie following pigments: 
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(i) Iinperom Blue KRR - 4 parts 

(ii) Helizarin Bordeaux -R — 4 parts 

These pastes were then re-thickened by stining In additional quantities of Polymer W until a viscosity 
of 20 Pas (20,000 cp) was again obtained. The amounts of Polymer W required were found to be 0.19 parts 
and 0.23 parts for the blue and bordeaux pigments respec6vely. 

Both pastes were printed on to a plain woven 50/50 cotton fabric. The prints were then dried and cured 
for 4.5 minutes of 150»C. In each case excellent odouryeild. bi^jhtness and find line definition were obser- 
ved. 



Example 9 

A series of printing dears was prepared in which the concentration of Pdymer A was progressively 
Increased. The recipes are given in Table 9a below, where edi figures refer to parts by weight : 



Table 9a 



Paste 



Contponent 



B 



Aimnonia (0.880) 


0.5 


0.5 


0 


.5 


0 


.5 


Binder latex (40% solids) 


12.0 


12.0 


12 


.0 


12 


.0 


Hater 


85.88 


85.65 


85. 


56 


85. 


21 


Thickener* 


1.62 


1.60 


1. 


44 


1. 


29 


Polymer A 




0.25 


0. 


50 


1. 


00 



+ The thickener used was a 50% active disperston of a aoss4inked polyacrylic add such on described in 
US 4554018. in each case the concentration employed was Chosen so as to give a viscosity of 20 Pa s 
(20,000 cp). 

Printing pastes were then prepared from each dear by mbdng 96 parts wWi 4 parts of thefollowing trfack 
pigments and stiirlng by effident mechanical means for 6 minutes. 

(i) Imperon Black KGF 

(ii) Acramin Black FBRK 

The viscosity of each paste was then remeasured at 20»C. The results were as follows : 
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Table 9b 



n« Cine* 

irASTE 




. VISCOSITY Cra.s) 


Black KGF 


Black PBKX 


A 


50 


66.0 


B 


29.4 


30.6 


C 


23.0 


25.2 


D 


1S.6 


20.1 



The two pastes A, prepared without the addition of Polymer A, were highly vtsoous gels and were con- 
20 sidered unsuitable for practical use. As the concentration of Polymer A was increased, the Increase In vis- 
cosity, compared with the Initial dears, was greatly reduced. All pastes B, C and D were <tf the correct 
rhedogy for commercial printing. 

Exampie 10 

Printing pastes were prepared using Polymer A and a cross-linked polyaciyllc acid thickener in an 
analagous manner to that outlined above. The redpes were as follows, an figures re 



^ Table 10a 



Paste 


A 


B 


C 


D 


E 


P 


6 


H 


Ooopanait 


















liBinaniB (0.880) 


0.5 


0.5. 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


ESnder latex (40%) 


12.0 


12.0 


12.0 


12.0 


12.0 


12.0 


12.0 


12.0 


ffertsr 








to 


100% 








Oiidoener 


1.62 


1.61 


1.44 


1.29 


1.65 


1.84 


1.82 


1.79 


Folymst A 




0.25 


0.5 


1.0 




0.25 


0.5 


1.0 


Operon Blue XRR 


4.0 


4.0 


4.0 


4.0 










BelizaEih 


















BoacdBaittR 










4.0 


4.0 


4.0 


4.0 



Each paste was printed on to a substrate which was known to cause severe fiushirig or haloing wen 
printed with many exist&ig fomiuf atlons. The fabric chosen was a plain woven 60/50 polyesteiycotton which 
had been preresinated using a DHDHEU resin and also contained a magnesium chloride catiysL 

The severity of flushing was critically assessed by using a printing saeen which consisted of a series 
of five lines and criss-cross patterns. Immediately after printing, the fabric was aOowed to dry for 2 minutes 
under atmospheric conditions before being dried at 150^5 for 2 minutes (drylr^ qutekly causes the move- 
ment of print paste to be halted). 
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The extent to which flushing occurred was then assessed on an arbttary 1-10 scale, where 1 indicates 
a perfBCt print without any sign flushing and 1 0 Indicates severe flushing. The results are given below : 

Table 10b - 



PRINT PASTE BLUE PASTS BORD8AUX 



A 8 E 8 

B 5 F 3 

C 3 6 3 

D 2 H 2 



The inclusion of Polymer A Into the printing paste is dearly seen to tiring abouta dramatic improvement 
In print quality, with a 1% addition virtuany eliminating flushing. It is considered that a rating of 3 or below 
would represent a oommerclally acceptable print 

Example 11 

A latex was fonmd by on in water emulsion polymerisation using ammonium persulphate of 40 parts 
by methacryllc add, 50 parte by weight ethyl acrylate and 10 parts by weight of a surfiactent ether formed 
from allyl chloride and the reaction product of polyoxyetiiylene (10 moles) steai^ ether with sodium 
methoxide. 

200 grams of the latex was homogenised Into an oa phase comprising 7.0 grams of Span 80, 23.3 grams 
of a 30% active solution of a 2 : 1 molar copolymer of ceto-stearyl methacrylate : hydraxyetylmetecrylate 
in SBP1 1 , 30.2 grams of Pale Oil 60 and 96.0 grams of SBP1 1 . The resulting inverse emulsion was then 
dehydrated by distilling off water and SBP1 1 under reduced pressure to a final pressure of 10 mnvHg and 
a temperature of 95^0. 

The resulting anhydrous polymer-in-ofl dispersion was activated by mixing in 5.6 grants of Ethylan 0254 
to produce a self-emulsifiable liquid polymer-in-oil dispersion having 50% active solids. Span and Ethylan 
are trademarks. 

Upon addition of this dry dispersion to deionised water or 0.5% NaO solution to fonm a 2% solution, 
the Brookfield viscosity at spindle 6 is 352 or 480 Pa-s (352,000 or 460,000 cps) respectively at 2.5 rpm 
and 28 or 35 Pa*8 (28,000 or 35,000 cps) at 100 rpm. 

Example 12 

The process of Example 1 , for Polymer A, was repeated except that the free acid monomer was replaced 
by a free base monomer as Indicated in Table 12a. The Periankrol surfactent was replaced by Ethylan HA 
(non-fonic). 

Polymers having the compositions Indicated in the table below were prepared at 1% active In water by 
neutralisation with HCi, and the resulting viscosity was measured using a Broofcfiled RVT viscometer. 
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Tsibla 12a 



Surfactant Solotinn 
Product Mancmer Ratio (% by wtj Gcnixssltian Visoosity 

CPa.s) e 10 rpD 



IS 





CHAEIA 


NMA 


AES 


n 


R 




BDlsner AH 


45 


35 


20 


10 


stearyl 


29 


Polymer AJ 


50 


30 


20 


10 


steaxyl 


68 


Polyner AK 


55 


25 


20 


10 


steazyl 


136 


Bolyser AL 


60 


20 


20 


10 


steaxyl 


80 


Polymer AM 


40 


35 


25 


10 


steazyl 


74 


Polyner AN 


40 


30 


30 


10 


stearyl 


27 


Polymer AP 


40 


25 


35 


10 


steazyl 


5.2 


Polymer AQ 


40 


20 


40 


10 


steazyl 


1.7 



0M^K2k = dimethylarainoethylmethacrylate 
MMA = methylmethacrylate 
AES ^ allyl ether surfactant 



30 In order to demonstratB the effectiveness of polymers of this type in thickening highly addle media 
Pdymer AH %vas used to thicken 15% sduttons of different acids at 5% active polymer. The results obtained 
are given in Table 12B. 



Table 12b 



Product 


Acid Type 


Solution 




(solution cone' w/w) 


Viscosity 






(Fa.s) e 10 rpm 


Polymer AH 


15% hydrochloric acid 


2.2 


Polymer AH 


15% phosphoric acid 


6.4 


Polymer AH 


15% acetic acid 


9*6 



SO 

This polymer is useful for thictening aqueous acklic Ikiuois. such as battery llqukis. 
Example 13 

& 181.8 parts of a 79^% solution of acrylic acid in water, 0.4 parts of Tetralon B. 5.8 parts of the allyl 
ether of a 10 mole ethoxylate of stearyl alcohol. 118 parts of water, 0.0424 parts of AZDN and 116 parts of 
a29.9% solution of ammonia In water were mixed to form an aqueous solutkin. A non-aqueous liquid phase 
was formed from 7.4 parts of Span 80, 42.4 parts of a 30%solutk)n in SBP11 of an Invoice dispersion stabi- 
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liser (copolymer of 2 moles cetosteaiyl methacrytafe with 1 mole of methacfyflc add), 127.3 parts of Pale 
Ofl 60 and 1457 parts of SBP1 1 . 

The aqueous phase was homogenised into the oil phase, deoxygenated and polymerised using 0.042 
parts of sodium metabtsulphite dissolved In 2.058 parts of water and tertiary butyl hydroperoxide added con- 
s tinuously as a 0.5% solution in water at a rate of 0.14 parts per minute. 

The resulting inverse dispersion of hydrated polymer was distflled to yield a dehydrated concentrated 
polymer dispersion to which was added 2 parts of a 5 mole ethoxylate of nonyl phenol and 1 part of a 4 
mole ethoxylate of a broad cut lauryl alcohol per 100 parts of concentrated def^drated dispersion. 

This fomied a dispersion of 50% active copolymer which dispersed wtth agitation in water to yield a 
10 highly viscous polymer solution with the characteristic 'soap gd' rheology <rf ass o dated water soluble 
pdymers. This process was repeated except that the aqueous phase contained In addition 0.063 parts of 
methylene bis acrylamlde as bhfunctional crosslinklng comonomer. The resultant dehydrated polymer par- 
tides swelled In water to form a highly viscous but non-viscoelastic paste useful as a vehide for printing 
textiles and other artides particularly on doth containing residud etectrdyfe where pastes thidcened with 
IS conventinal pdyammonlum acrylate microgd lafioes give hdolng, bieading orflushing of print colour. 

Pdymers produced by tilts method but omitting the cross-ltnldng mon^ 
as exemplified In EP-A-01 72724. 

Example 14 

20 

A range of polynters were made by gel polymerisation using differing amounts of acrylamlde, sodium 
acrylate allyl ether and cross linking agent, and by using different allyl etiiers. The product of ttie pdymeri- 
sation was then dried and comminuted to ghre partides having sizes iii the range 200 to 500 |im. 

0.5 g of each pdymer was added to 400 cc of a swelling solution that was deionteed water or aqueous 

25^ sodium chloride of various concentrations. The samples were allowed to equilibrate for 30 minutes and tiie 
swdlen gel partides were then separated from the medium by filtration through a nylon filter mesh and 
weighed to ghre an indication of absorbency. The values are expressed in percentage based on the amount 
of deionised water ttiat was absorbed Ivy each polymer. The nrKxionerfeed and the results are shown in tfie 
following table. In tills table R is the hydrophobic group and n is tiie number of etiiylene oxide groups bet- 

30 ween it and the allyl ether linlcage. 



35 



40 



45 



so 



5S 
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Polvmer 


1 


2 


3 


A 
H 


e 


£ 


i 


Q 




60 


50 


Hi/ 








DsJ 




Soditnn 


















Acrylate 


40 


40 


40 


40 


40 


40 


40 


40 


Methylene bis 




















0.03 


O.06 


w.uo 


U.Ub 


0.03 


0.06 


0.03 


0.06 


Allvl ether 


0 


10 


15 




10 


10 


10 




R 


" ^18^37 


C H 




*TL2^ ^02^ ^TB^7 


^8^37 


n 

mm 




10 






23 


23 


20 




^^^^^3 

xjexoniseu 


















vater 


100 


100 


100 


100 


100 


100 


100 


100 


0.1% NaCl 


21.7 


32.4 


25.5 


33.8 


27.3 


21.8 


25.1 


34.0 


0.25% Naa 


12.5 


22.4 


16.7 


22.9 


18.8 


14.9 


16.6 


23.8 


0.5% NaCl 


10.3 


16.5 


11.6 


14.9 


15.1 


11.6 


U.9 


17.4 


1% 


7.9 


8.8 


10.0 


11.2 


11.6 


7.9 


9.8 


13.6 



Comparison of polymers 3 and 4 shows the advantage that follows from increasing the length of the 
etha3Qr chain. Veiy poor results are obtained when there is no etho)^ chain, as in U^. 4,190,562. 

□near water-solulrfe polymers may be made as In this example but omitting the cros&4inldng monomer. 
Thus they may be as exemplified in EP-A*0172723. 



Claims 

1 . A polymer selected from polymers that are substantially non swelling and insduble in water but sol- 
uble or sweQable in aqueous acid or alkali, cross linlced polymers, and linear polymers having intrinsic vis- 
cosity at least 0.5 (measured as single point at 0.05% concentration in methanol), and fonned by 
polymerising 

(a) 0 to 90% by weight of ethylenlcally unsaturated ionic monomer 
. (b) 0 to 90% by weight of ethylenlcally unsaturated substantiaOy non-ionic monomer 

(c) 1 to 100% by weiglit of an ethylenlcally unsaturated monomer that carries a pendant group -B„R 
where B Is ethylenoxy, n is zero or a positive integer, and R is a hydrocart»yl group of 8 to 30 carbons 
selected from alM, aralkyi, aryf. alkaryl and cydoalkyi 

(d) 0 to 1% by weight of cross linking agentthat is polyethylenically unsaturated monomer, characterised 
in that monomers a, b, c and d are mixed before the polymerisatk)n and that mononrer <c) is an allyl 
ether of the fommla CHss CR'CHsOQnR where R' Is hydrogen or methyl 

2. A polymer according to dalm 1 1n whteh monomer (a) comprises a vinyl carboxyiic acid monomer, 
a. A polymer according to daim 2 In whbh monomer (a) Is selected from aciylic add and methacrylte 

add and mbctures thereof. 

4. A pdymer according to daim 1 in whteh monomer (a) comprises a cationic monomer. 

5. A pdymer according to daim 4 in whteh monomer (a) is sdected fnm diafMaminoalkyI (math) acry^ 
late monomers and dlalkylaminoalkyl (meth) acrylamide monomers. 

6. A pdymer according to any preceding daim In which in monomer (c). R' is hydrogen, m and p are 
each zero and n is from 5 to 1 00. 
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7. A oomposition acooiding to any preceding claim in which, in inonoiner(c), R contains 10 to 24 caiten 
atonns and is seiected from allcyl and allcaryl. 

8. A composition according to any preceding claim made by oil in water polymerisation of 5-90% mono- 
mer (a), 5-90% monomer (b), 1-90% mononter (c) and 0-1% cross linldng agent 

5 9. A polymer aoGording to daim 8 formed from 20 to 60% by weight aayfic add and/or methacrylic add. 
5 to 60% by weight ethyl acrylate and 2 to 50% by weight of the aOyl ether, and 0 to 1 % cross linldng agent 

10. A pdymer according to any preceding daim in which monomer (b) is present and is seiected from 
styrene, allcyl-substituted styrenes, halo-substituted styrenes, (meth) aorylonltrile, vinyl alkanoates, vinyl, 
haiides, vJnylidene haiides, hydroxy alkyi (meth) acryiates, alioQxy sdkyi (meth) aciylates and alley! (meth) 

10 acryiates. 

1 1 . A pdymer according to daim 1 0 in which monomer (b) is sdeded from alicyl (meth) acryiates. 

12. A composition according to any praceding daim in which the said cross linldng agent was present 
during the pdymerisation. 

13. A composition according to daim 12 in which the amount of the said cross-llnldng agent was up to 
IS 0.2% by weight 

14. A ccHnposltion according to daim 12 in which the amount of the said cross-iinldng agent was up to 
0.1% by weight 

1 5. A pdymer according to any of daims 1 to 1 1 in which the polymer Is linear Is fonned in the absence 
of the cross linldng agent and has a mdecular weight above 0.5 miliion. 

20 16. A pdymer according to any of daims 1 to 1 1 in which the pdymer is linear Is fbrnied In the absence 
of the cross linking agent and has intrinsic viscosity of at least 3. 

17. A pdymer according to any of daims 12 to 1 6 that water soluble and formed from 50-98% water 
sdutile kinic or nbh ionte monomers and 2 to 50% monomer (c). 

1 8. A polymer acoording to any of dalms 12 to 1 6 formed fam actyTic add or diall^aminoalkyl (meth) 
2B -acrylate or -acryfamWe, and 0-80% acrylamkie. and 2 to 50% of monomer (c), 

19. Use of a pdymer according to any preceding daim for thickening an aqueous oomposition. 

20. A composition comprising a polymer according to daim 8 or daim 9 and which is in the form of an 
aqueous emulsion at a pH such that the polymer is insolubleand substantially unswdlen and non thickening 
but can be converted to a dissolved or swollen and thickening state by the addHdon of acM or alkalL 

30 21. A composition comprising a pdymer according to 8 or daim 9 and that is at a pH such that the 
polymer is dissolved or swollen and the composition is thickened by the polymer. 

22. A compositton according to daim 20 seiected from print pastes and emulsion paints. 

23. A composition according to any of dalms 20 to 22 and which also contains surfactant in an amount 
of0.05to1 part per part by weight pdymer. 

35 

Anspruche 

1 . Pdymer, ausgewShit unter Poiymeren, wdche in Wasser im wesentiichen nfcht quellen und unfoslich 
40 sind aber in wSOriger SSure Oder Alkali Idslteh Oder quellbar sind. vemetzten Polymeran und linearen Poiy- 
meren mit einer Grenzviskositat von mindestens 0,5 (gemessen als einziger Punkt bei einer Konzentration 
von 0,05% in Methand), und gebiidet durch Pdymerisieren von 

(a) 0 bis 90 Gew.-% eines ethyienisch ungesSttigten, ionischen Monomers 

(b) 0 bis 90 Gew.-% eines ethyienisch ungesattigten. im wesentiichen niditionischen Monomers 

45 (c) 1 bis 100 Gew.-% eines ethyienisch ungesattigten Monomers, welches elne daran hSngende 
Gnippe -B„R trigt worin 
B fur Ethylenoxy steht, 
n 0 Oder eine positive ganze Zahl ist und 

R eine Kohlenwasserstoffgruppe mit 8 bis 30 Kohlenstoffatomen darstellt, ausgewahlt unter Alkyi, Aral- 
50 i^l, Ar^, Alkaryi und Cydoalkyl. 

(d) 0 bis 1 Gew.-% eines Vemetzungsmlttds welches ein pdyethylenlsch ungesSttigtes Monomer ist, 
dadurch gekennzeichnet daf^ die Monomere a, b, c und d vor der Polymerisation venmischt werden 
und dafi das Monomer (c) ein Allylether der Formel CH2 « CR'CHaQBnR ist worin R' fur Wasserstoff 
Oder Methyl steht 

65 2. Polymer nach Anspruch 1, worin das Monomer (a) eine Vinylcarbonsdwemonomer ist 

3. Pdymer nach Anspruch 2, worin das Monomer (a) unter Acrylsaure und Methacrytsiure und Gemi- 
schen hievon ausgewdhlt ist 

4. Polymer nach Anspruch 1, worin das Monomer (a) ein kationisches Monomer ist 
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5. Polymer nach Anspruch 4. worin das Monomer (a) unter Dialkylaminoalkyl(meth)acryiatmonomeren 
und DiaIkylaminoaIkyl(meth}acrylamidmomeren ausgewahit {st 

6. Polymer nach einem der vorherstehenden Anspruche, worin im Monomer (c) R' fur Wasserstoff steht, 
m und p beide 0 sind und n von 5 bis 100 betragt 

7. ZUsammensefzung nach eInem der vorherstehenden AnsprOche, worin im Monomer (c) R 10 bis 24 
Kbhienstoffi a tome enthalt und aus AIM und Alkaiyl ausgewahit ist 

8. 2^sammensei2mng nach einem der vorherstehenden Anspruche, welche durch Ct-in-Wasser-Poly- 
merisatton von 5 bis 90% Monomer (a), 5 bis 90% Mononer (b), 1 bis 90% Monomer (c) und 0 bis 1% Ver- 
netzungsmStel hergestellt winj. 

9. Pdymer nach Anspruch 8, welches aus 20 bis 60 Gew.-% Aoylsaure und/oder Methaayisaure, 5 
bis 60 Gew.-% Ethylacrylat und 2 bis 50 Gew.-% des AUylethers und 0 bis 1 % Vemetzungsmittel heigesteflt 
wird. 

10. Polymer nach einem der vorherstehenden Anspruche, worin das Monomer (b) vodiegt und unter 
Styrof, Alkyl-fiubstituierlen Styrolen, Halogen-substituierten Styrolen, (Meth)aciylnitril, Vinylalklnanoaten, 
Vinylhalogeniden, Vinylidenhalogenlden, HydrQxyalkyl(meth)aciylaten, Alkoxysdl^ (meth)aayiaten und 
Alkyl(meth)acrylaten ausgewihit ist 

11. Polymer nach Anspruch 1 0, worin das Monomer (b) aus Alkyl(meth}acrylaten ausgewahit ist 
1 Z Zusammensetzung nach einem der vorherstehenden Anspiuche, worin das genannte Vemetzungs- 

n^I wdhrend der Polymerisation voriag. 

13. Zusammenset2xing nach Anspmch 12, worin die Mange des genannfen Vemetzungsmlttels bis zu 
0,2 Gew.-% betrug. 

14. Zusammensetzung nach Anspruch 12, worin die Menge des genannten Vemetzungsnrtittels bis zu 
0,1 Gew.-% betrug. 

1 5. Polymer nach einem der Anspruche 1 bis 1 1 , worin das Polymer linear ist, bi Abwesenheit des Ver- 
neteungsmitfels hergestellt wird und ein Molekulaiigewtchtut>er0,5 Mlllionen aufweist 

16. Polymer nach einem der Anspruche 1 bis 1 1 . worin das Polymer fmear 1st In Abwesenheit des Ver- 
netzungsmitteis hergestellt wird und eine Grenzvislcositat von mindestens 3 aufweist 

17. Pdymer nach einem der AnsprGche 12 bis 16, welches wasserioslich Ist und aus 50 bis 98% was- 
seridslichen, ionischen oder nicht-lonischen Monomeren und 2 bis 50% Monomer (c) hergestdit wird. 

18. Polymer nach einem der Anspruche 12 bis 16, welches aus Acryfsaure oder Dlalkylamlnoalkyl- 
(meth)aci>lat oder -acrylamid und 0 bis 80% Acrylamid und 2 bis 50% Monomer (c) hergestellt wird. 

19. Verwendung eines Polymers nach einem der vorherstehenden Anspruche zum Verdicken einer 
wSfir^en Zusammensetzung. 

20. Zusammensetzung, umfassend etn Polymer nach Anspmch 8 oder Anspruch 9, welche in der Fomi 
einer wdErigen Emulsion bei solch einem pH-Wert voriiegt da& das Polymer unlosiich und im wesentilchen 
nicht gequdlen und nicht verdlclcend 1st aber durch die Zugabe von Saure oder alkali in einen geidsten 
Oder gequollenen und verdickenden Zu stand ubergefuhrt werden kann. 

21. Zusammensetzung, umfassend ein Polymer nach Ansprudi 8 oder Anspruch 9, wdche bei solch 
einem pH-Wert voriiegt da& das Polymer geldst oder gequdlen ist und die Zusammensetoing durch das 
Polymer verdickt wird. 

22. Zusammensetzung nach Anspruch 20, ausgewihit unter Druckpasten und Emulsk)nsfart)en, 

23. zusammensetzung nach einem der AnsprOche 20 bis 22, wdche audi ein grenzRachenakiives Mit- 
tel in einer Menge von 0,05 bis einem Tell je GewichtsteO Pdymer beinhdtet 



Revendications 

1 . Un polymdre chotsi parmi les polym^res qui sont substantiellement non gonflables et insolubles dans 
I'eau mais solubles et gonflables dans un acide aqueux ou dans un alcali aqueux. les pdymdres r^ticul^ 
et les pdymdres lin^ires ayant una viscosity intrinsdque d'au moins 0,5 (mesurde en un seul point k une 
concentration de 0,05 % dans le methanol), et fornix par pdym^risatton de 

(a) 0 d 90 % en poids de monom&re ionique ^thyl^nlquement insatur6, 

(b) 0 d 90 % en poids de monom^re substantiellement non ionique §thyl6nlquement Insatur^, 

(c) 1 d 1 00 % en poids d'un monom&re ^thyl^niquement insatur6 qui porte un groupe pendant BnR dans 
lequel B est un groupe dthytdneoxy, n est ^gal d z6ro ou un nombre entier positif, et R est un groupe 
hydrocart)yl6 de 8 d 30 atomes de carbone chdsi parml les groupes allies, aralkyles, aryles, alcaryles 
etcydoalkyles. 

(d) 0 d 1 % en pokJs d'un agent de reticulation qui est un monom^e poly6thyl6nk|uement insatur6, 
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caract^6 en ce que ies monomftres (a), (b), (c) et (d) sont m^lang^s avant la polymerisation et que 
le monom&re (c) est un ether allyf Ique de formula CH2 « CR'CHaOBnR dans laquelle R' est un atome 
d'hydrog^ne ou un groupe m^thyle. 

2. Un polym^re selon la revendication 1, salon lequel le monomere (a) oomprend un monomere acide 
5 vInylcartK2xyllque. 

3. Un polymdre selon la revendication 2, salon lequel le monomdre (a) est choisi paiml Tacide acryllque 
et raci'de methaciylique et leurs melanges. 

4. Un pdymdre selon la revendication 1, selon lequel le monomdre (a) oomprend un monomdre catio* 
nique. 

10 5. Un polymdie selon la revendication 4, selon lequel le monomdre (a) est choisi panni Ies mononr^dres 
(meth)acry]ate de dialkylamlnoalkyle et Ies monomdres dia[kyianilnoall^-(m6tti)aciylamide. 

6. Un polymdre selon Tune quelconque des levendications pr6c6dentes, selon lequel dans le mono- 
mdre (c), R' est un atome d'hydrogdne, m et p sont dgaux chacun d z6ro et n est de 5 ^ 100. 

7. Une composition selon Tune quelconque des revendicafions prSoddentes, selon laquelle, dans le 
IS monomdre (c), R contlent 10 d 24 atomes de caxbone et est choisi pamii Ies groupes allies et alcaryles. 

8. Une composition selon Tune quelconque des revendications prdcddentes pr^par^e par polymerisa- 
tion du type hune-dans<eau de 5-90 % de monomdre (a). 5-90 % de monomdre (b), 1-90 % de monomdre 
(c) et 0-1 % d'agent de rdttculation. 

9. Un polymdrs selon la revendication 8. formd d partir de 20 d 60% en poids d'acide acryllque et/ou 
20 d'acide mdtiiacrylfque, 5 d 60% en poids d'acrylate d'dttiyle et 2 d 50% en poids d'dttierallylique et 0 d 1% 

d'agent de rdticulation. 

10. Un polymdre selon Tune quelconque des revendications prdcddentes, selon lequel le monomdre 
(b) est present et est choisi parmi Ies sulvants : styrdne, afkylstyrdnes, halostyrdnes. (metii)acrylonitrile. 
alcanoates de vinyle, halogdnures de vinyle, halogdnures de vinyliddne, (metii)aciylates d'hydroalkyle, 

25 (meth)acrylates d'alcoxyalkyie et (metfi)acrylates d'alkyle. 

11. Un polymdre selon la revendication 10, selon lequel le monomdre (b) est choisi panni ies 
(meth)acrylates de -all^e. 

12. Une composition selon rune quelconque des revendications prdcddentes, selon laquelle ledtt agent 
de reticulation est present durant la polymerisation. 

30 13. Une composition selon la revendication 1 2, selon laqueUe la quantitd dudit agent de reticulation peut 
attelndra 0,2 % en poids. 

14. Une composition selon la revendication 1 2, selon laquefle la quantitd dudit agent de rdticulation peut 
atteindre 0,1 % en poids. 

1 5. Un polymdre selon Tune quelconque des revendications 1 d 1 1 , selon lequel le polymdre est lindalre, 
35 et forme en {'absence d'agent de reticulation, et a un poids moieculaire superieur d 0,5 million. 

16. Un polymdre selon Tune quelconque des revendications 1 d 1 1 , selon lequel le polymdre est lindaire, 
estfonrnd en I'absence de Tagent de reticulation et a une viscositd intrinsdque d'au moins 3. 

17. Un polymdre selon Tune quelconque des revendications 12 d 16, qui est soluble dans I'eau etfonfnd 
d partir de 50-98 % de monomdras ioniques ou non ioniques solubles dans Teau et de 2 d 50 % de mono- 

40 mdre (c). 

16. Un polymdre selon I'une quelconque des revendications 12 d 16, formd d partn-de t'acide acryllque 
ou de (meth)aciylatB de dialkyldminoalkyle ou de dialkylaminoalkylacrylamide, et de 0-60 % d'acrylamlde, 
et de 2 d 50 % de monomdre (c). 

19. Utilisation d'un polymdre selon Tune quelconque des revendications prdcddentes pour I'dpaissis- 
45 sement d*une composition aqueusa 

20. Une composition comprenant un polymdre conformdment d la revendication 8 ou d la revendication 
9, et qui est sous la forme d'une dmulslon aqueuse d un pH tel que le polymdre sort insoluble et substan* 
tiellement non gonfld et non epaississant mais qui peut dtre converti en un etat dlssous ou gonfld et dpais- 
sissant par addition d'un acide ou d'un alcalL . 

so 21. Une composition comprenant un polymdre selon la revendication 8 ou 9 et qui est d un pH tel que 
le polymdre soit dlssous ou gbnfie et la composition soit dpaissle par le polymdre. 

22. Une composition selon la revendication 20 cholsie pamii Ies pdtes d'impresslon et les pelntures en 
emulsion. 

23. Une composition selon I'une quelconque des revendications 20 d 22 et qui contient dgalement un 
55 surfactant en quantitd de 0,05 d 1 partie par partie en poids de polymdre. 
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Description 

It is known that aqueous media can be thickened by the presence of high molecular weight synthetic 
polymers either in solution or in the form of swollen particles. If the polymers are in solution the thickening 
5 is probably due to entanglement of polymeric chains. If the polymers aie swollen the thickening is probably 
due to inter-particulate attraction and solvent immobilisation. 

It Is known that thickening in some instances can be improved by including in the polymer pendant 
hydrophobic groups, the improvement apparently being due to association between the hydrophobic groups 
in adjacent molecules and the polymers containing such groups are often referred to as associative 
10 thickeners. 

GB 1.167,524 describes thickeners that are said to be effective in solutions of surface active agents and 
that are copolymers of at least one ethylenically unsaturated monomer with a comonomer that is, for 
instance, an acrylic ester or an allyl ether of a polyalkoxylated alcohol that may be aliphatic or aromatic. 
This polyalkoxylated alcohol thus provides the pendant hydrophobic groups. Particular allyl ethers of this 
15 general type, and copolymers formed from them, are also described in GB 1^73,552. 

All the examples in these patents of copolymers using allyl ether show the copolymer to be soluble in 
water. The comonomer with the ether or ester is said to be acrylic add, acrylamide, vinyl pyrollidone or 
maleic anhydride or a blend of maleic anhydride with a compound virhich normally copolymerlses in 
alternating sequence. The use of maleic anhydride alone or in such a blend will tend to give a low 
20 molecular weight compared to the values currently available when copotymerising, for instance, acrylic acid. 

In most of the examples the comonomer is maleic anhydride, optionally with methyl vinyl ether, but in 
example 12 of GB 1,167,524 and example 8 of GB 1.273,552 the allyl ether is copolymerised with acrylic 
acid to form a water soluble polymer. The information in each example suggests that the molecular weight 
is low. 

25 In all of the examples showing the use of allyl ethers, polymerisation Is conducted by precipitation 
polymerisation. Thus polymerisation is conducted in a liquid that is a solvent for the monomer but not for 
the polymer, so that polymer is precipitated out of the solution during polymerisation. This technique tends 
to produce rather low molecular weights. 

The intention to form low molecular weight compounds is emphasised by example 13 of GB 1,167,524 

30 in which a copolymer is formed by aqueous solution polymerisation of acrylamide and an acrylic ester with 
a polyethoxylated nonyl phenyl alcohol since isopropanol is included in the polymerisation mixture. This will 
ensure that a relatively low molecular weight polymer is produced. 

It is well known that allyl monomers polymerise much less readily, and yield copolymers of lower 
molecular weights, than acrylic or other vinyl monomers. In US 4451628 allyl sulphonate is used to depress 

35 molecular weight Another allyl monomer is diallyl dimethyl ammonium chloride and it is well known that 
polymers of this generally have a maximum molecular weight of below 500.000. 

The fact that the use of allyl monomers causes the resultant home- or co-polymer be of low molecular 
weight is discussed frequently in the literature, for instance in "Functional Monomers" Volume 1 edited by 
Yocum and Nyquist pages 384 to 387. It is stated in this that allyl monomers polymerise with difficulty to 

40 give products of low molecular weight and their presence will retard both the rate and degree of 
polymerisation of other copolymerisable monomers. It is stated that the polymersation kinetics of allyl 
monomers are determined by degradative chain transfer which results in the formation of a stable radical 
that has low activity for chain propogation. The article describes ways of trying to obtain higher molecular 
weights but the highest value obtainable is said to have a degree of polymerisation of the order of 1,000 to 

45 10,000. The molecular weight is therefore still low by the standards of acrylic or other vinyl monomers since 
these can easily be polymerised to molecular weights in the range 10 million to 30 million, provided chain 
transfer agent is omitted. 

Since the techniques and comonomers that were specifically desaibed in GB 1,167,524 were all such 
as to lead inevitably to relatively low molecular weight polymers it was reasonable to propose the use of 

50 allyl ether monomers. They would be expected to give the sort of molecular weights that clearly were 
intended to be achieved in the processes of that patent and GB 1,273.552. In practice the products of these 
patents have not proved commercially very successful. 

In marked contrast to these low molecular weight allyl ether and acrylate copolymers has been the 
commercial success of associative polymers formed solely from acrylic monomers and by techniques that 

55 would normally be expected to give high molecular weights. The literature relating to these polymers 
generally indicates molecular weights in the range 100,000 (in the presence of chain transfer agent) to 
several million. Instead of making the polymers in the presence of a relatively large amount of isopropanol 
or by precipitation polymerisation or using comonomers such as maleic anhydride blends, all of which will 
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tend to give low molecular weights, the successful associative thickeners are generally made by oil-in-water 
emulsion polymerisation or by aqueous solution or gel polymerisation, and can have very high molecular 
weights. If for a particular purpose the highest molecular weights are to be avoided very low amounts of ^ 
chain transfer agent are incorporated to depress molecular weight but the resultant molecular weights will 
5 generally still be well above those made by the processes described in GB 1167524 and 1273552. 

In EP 48094 the pendant hydrophobic group is introduced as a polymerisation initiator or chain transfer 
agent (tending to depress molecular weight) in the polymerisation of acrylamide. In EP 63018 and U.S. 
4,423,199 and 4.524.175 the hydrophobic group is introduced as a substituent in acrylamide. 

The JP 60-23581 5A the pendant hydrophobic group is introduced as a vinyl ether. 
10 The great majority of literature on associative thickeners, and all commercial products, introduces the 
hydrophobic group as an ester of an unsaturated carboxylic acid (generally (meth) acrylic add) that is 
copolymerised with one or more monomers that are always vinylic, and are usually (meth) acrylic. Thus in 
U.S. 3,915,921 and U.S. 4,190,562 the hydrophobic group is introduced as a C10-30 alkyi ester of (meth) 
acrylic acid. In U.S. 4,138.381, 4,268,641, 4,384,096 and 4.463.151. EP 13836 and EP 109820 and in GB 
75 1 ,167,524 an ester is formed between an unsaturated acid and a hydrocarbyt ether of a polyalkylene glycol. 

When the polymers are linear it is clear that increasing molecular weight generally gives increasing 
thickening properties (although it may also give flocculatton of suspended solids) and so the use of 
monomers that make it impossible to obtain high the molecular weights is cleariy contra-indicated. In those 
particular instances where lower molecular weight is desired, e.g., if floccutation of suspended solids is to 
20 be avoided, then this is t»est achieved commercially by using the same monomer blend as will give high 
molecular weight together with a low amount of a chain transfer agent such as a mercaptan. 

Similariy, when the polymers are cross linked experience in other polymerisation techniques for making 
thickeners generally indicates that the best polymer properties are obtained when the cross linked polymer 
is formed from monomers that in the absence of cross linking agent, would give the highest possible 
26 molecular weight. Thus cross linked polymers should also be formed from acrylic monomers in the absence 
of monomers that will significantly reduce molecular weight 

The present state of the art therefore is that when manufacturing cross linked or, especially, linear 
polymers that are to be used for, for instance, thickening the best properties generally follow from the use 
of monomers capable of polymerising to very high molecular weights optionally with a chain transfer agent 
30 such as a mercaptan, allyl monomers are known to be incapable of giving high molecular weights, and the 
processes in GB 1,167,524 and 1,273,552 cleariy all gave linear polymers of molecular weights much less 
than those that would now be considered to be necessary for satisfactory properties. 

Polymers such as those described in EP 13836 are made by oil-in-water emulsion polymerisation and 
swell or dissolve upon the addition of alkali. They have proved commercially successful but there is still 
36 considerable room for improvement in their properties. 

For instance ore use of the polymers is for thickening aqueous solutions containing an electrolyte. The 
solutions may therefore have relatively high pH, Also they may be used under conditions of high 
temperature. Unfortunately high pH and/or high temperature can result in hydrolysis of the ester linkage by 
which the hydrophobic group is attached. 
40 A problem that is often encountered commercially with thickeners such as in EP 13836 is that they may 
cause foaming, and print quality (when used in textile printing pastes) may need Improvement in some 
instances. 

Despite all the experience indicating that it is essential to use, when making thickeners, only monomers 

capable of giving high molecular weight polymers, we have now found that a particular class of new 
45 polymers formed from monomers including a particular type of allyl monomer have surprisingly valuable 
thickening properties. 

In US 4338239, polymeric thickeners are described that are made from monomers that can include an 
allyl monomer of a type suitable for use in the invention, but the polymers made from such monomers are 
subject to variable cross linking since the monomers include glycidyl ether groups and these will react 
60 during the polymerization to form crosslinking groups. This technique is unsuitable for the production of 
polymers of carefully controlled and optimum thickening properties. 

A polymer according to the invention is selected from linear polymers having intrinsic viscosity (as 
herein defined) above 0.5 dl/g, cross linked polymers and polymers that are insoluble and non swellable in 
water but that are soluble or swellable in aqueous acid or aqueous alkali and which are formed by mixing 
55 and then polymerising by oil-in-water emulsion polymerisation 

(a) 5 to 90% of ethylenically unsaturated Ionic monomer, 

(b) 5 to 90% of ethylenically unsaturated substantially non-ionic monomer, 
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(c) 1 to 100% o1 ether of the formula CH2 =CR'CH20BnR where R' is hydrogen or methyl. B is 
ethyleneoxy, h is zero or an integer, generally 1 to 100. and R is a hydrocarbyl group of 8 to 30 carbons 
selected from alkyi, aralkyl. aryl. alkaryl and cycloalkyi, . 

(d) 0 to 1 % of cross linking agent, that is a copolymerisable polyethyienically unsaturated monomer. 

5 Throughout this specification all percentages are by weight unless otherwise specified. All intrinsic 
viscosities are single point intrinsic viscosity as measured at 0.05% polymer concentration in methanol. 

The oil-in-water emulsion polymerisation Is conducted using sufficient of an appropriate emulsifler. as Is 
conventional. The final polymer is insoluble and substantially unswollen in the aqueous phase of the 
polymerisation mixture but. due to the ionic monomer, is soluble or swellable upon appropriate pH 

10 adjustment, generally to below pH 7 when the monomer (a) is free amine and to above pH 7 when the 
monomer (a) is free acid. The solubility of the monomers In the aqueous phase may be conventional for oil- 
in-water emulsion polymerisation. Generally the blend of monomers, and often each monomer, is Insoluble 
in the aqueous phase but some water solubility can be tolerated provided the monomers all migrate during 
the polymerisation into the micelles of emulsifier. 

75 Monomer (a) is preferably a vinyl, generally acrylic, monomer and may be a co-ionic blend of 
monomers. When monomer (a) is anionic upon addition of alkali, the monomer and its amount must be 
such that addition of alkali renders the polymer soluble or swellable. The monomer is generally a carboxylic 
monomer as free acid during the polymerisation. The monomer generally contains 3 to 8 carbon atoms. It 
may be a monocarboxylic acid, a dicarboxylic acid or, for instance, a monoalkyi ester of a dicarboxylic acid. 

20 The acid may be selected from acrylic, methacrylic, itaconic. crotonic. fumaric, citraconic acryloxypropionic 
or maleic acids. Preferably at least 50%, and most preferably 100%, of component (a) Is provided by 
methacrylic and/or acrylic acid, with methacrylic being particularly preferred. 

When monomer (a) is cationic, the monomer and its amount must be such that the addition of acid or 
quaternising compound, renders the polymer soluble or swellable. The monomer generally includes a 

25 tertiary amine group as a free base during polymerisation and this Is then converted to the cationic form as 
an acid salt or quatemary ammonium salt. DialkylaminoalkyI (meth) acrylamides may be used. For instance 
the aminoalkyi group may contain 2-8 carbon atoms, preferably 1 , 3-propylene, and the other alkyI groups 
may contain 1 to 4 carbons. The preferred monomers are dialkylaminoalkyi (meth) acrylates. The preferred 
monomars are dimethylaminoethyl (meth) acrylates and dimethylaminopropyl (meth) acrylamides. 

30 The amount of monomer (a) must be such that the blend of components (a), (b). (c) and (d) can be 
polymerised by oll-in-water emulsion polymerisation to form an emulsion of the polymeric thickener in 
which the polymar is insoluble and substantially unswollen and non-thickening but that, after polymerisation, 
the emulsion can be converted by addition of alkali or acid into a viscous system thickened by the polymer. 
It is generally necessary for there to t>e at least 10%, usually at least 20% and preferably at least 30% of 

35 the ionic monomar. The amount is generally below 70%, usually be low 60%. 

Monomer (b) is preferably a vinyl, generally acrylic, monomer and may be a blend of monomers. The 
monomers are generally water insoluble but a minor proportion of monomer (b) may be a water soluble 
monomar such as acrylamide. By water insoluble monomer in the context of the present specification we 
mean monomer that is soluble in water to a degree of up to 5% at room temperature. Suitable monomers 

40 are styrene and alkyl and/or halo-substituted styrenes, (meth) acrylonitrile, vinyl alkanoates (especially the 
acetate), vinyl and vinylidene halldes (especially the chloride), hydroxy alkyl and alkoxy alkyl (meth) 
acrylates and alkyl (meth) acrylates. Preferred monomers are styrene, 2-hydroxy ethyl acrylate, acrylonitrile, 
vinyl chloride and vinyl acetate and the alkyl (meth) acrylates. Preferably at least 50% by weight of 
component (c), and most preferably 100%, is alkyl (meth) acrylate. In all these monomars any alkyl groups 

45 may contain 1 to 8 carbon atoms but particularly preferred monomers are Ci alkyl (meth) acrylates such 
as methyl methacrylate, butyl acrylate or, ethyl acrylate. 

Monomer (b) is generally present In an amount of at least 15%, usually at least 20% and preferably at 
least 30%. The amount is generally below 80%, usually below 70% and preferably below 60%. 

Normally monomers (a) and (b) are free of hydrophobic groups R and should preferably be conven- 

50 tional low molecular weight monomers. 

Monomer (c), which is referred to below as the "allyl ether", preferably includes a polyethoxy chain and 
son is generally above 2, often above 5 and frequently above 10 or 15 up to 50 or even up to 100. Thus a 
polyoxyethylene chain between the allyl group and the hydrophobe is generally present but it may be 
interrupted by oxypropylene and/or oxybutylene groups. By appropriate choice of the values of n, and R it 

55 is possible to control the solubility of the monomer and the properties of the final polymer. R' is generally 
hydrogen. 

R is a hydrocarbyl group that contains from 8 to 30, preferably 10 to 24 and most preferably 12 to 18 
carbon atoms. It may be selected from alkyl, for instance octyl, lauryl or stearyl, aralkyl such as 2-phenyl 
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ethyl (-C2Hi^Ph). aryl such as naphthyl, alkaryl such as aikyi phenyl wherein the alkyi group generally 
contains 6 to 12 carbon atoms, cycioaikyi (including polycycllc alkyI groups), or mixtures of one or more 
such groups. Preferred hydrocarbyl groups are alkyI and alkaryl groups. Any of these groups may 
additionally be substituted provided the substituents do not render the pendant group hydrophilic to an 
5 extent that the desired improvement in properties due to the hydrophobic group is lost 

The amount of the allyl ether is at least 1 % and usually at least 2%. It is generally below 70% and 
usually below 50%. Amounts in the range 5 to 30% are often preferred. 

The allyl ethers may be made by methods such as those described in GB 1,273.552. for instance by 
reacting an appropriate surfactant alcohol with sodium or sodium alkoxide, generally in the absence of water 
10 but In a solvent such as xylene, to form the sodium derivative and then reacting this with allyl chloride, or 
by reacting allyl alcohol with the surfactant alcohol with or without catalyst Preferably however the allyl 
ethers are made by the method described in our copending application filed even date EP-A-0213800. 

Monomer (d) is optional and serves as a cross linker. Suitable cross linkers for emulsion polymerised 
ethylenically unsaturated monomers are well known. They are generally polyethylenically unsaturated 
75 monomers materials such as diallyl phthalate, allyl (meth) acrylate. divinyl benzene, (poly) ethylene glycol 
dimethacrylate and methylene bis acrylamide. If the cross linker is present its amount is generally in the 
range 0.0005 to 1% (5 to 10.000 ppm). most preferably 0,001 to 0.2%. For instance, as mentioned below it 
may be up to 0.1% by weight. 

Particularly preferred copolymers are those formed from 20 to 60% by weight acrylic acid and/or 
20 methacrylic acid (preferably methacrylic acid alone), 5 to 60% ethyl acrylate or other suitable alkyI (meth) 
acrylate and 2 to 50% of the allyl ether, optionally with cross linker. 

Other preferred polymers are formed from 20 to 60% dialkylaminoalkyi (meth) -acrylate or -acrylamide, 
5 to 60% ethyl acrylate or methyl methacrylate or other alkyI (meth) acrylate, with 2 to 50% monomer (c). 
and optionally (d). 

25 The polymers may have a molecular weight well above 0.5 million and generally above 1 million, eg 
above 2 million and often above 5 million, when they are prepared in the absence of chain transfer agents. 
This is far in excess of what would be expected from knowledge of allyl polymerisations in general. 
However for some purposes the highest molecular weights are undesirable t)ecause of the risk of 
flocculation occurring when the thickener Is used in a system containing suspended solids. Accordingly it is 

30 sometimes desirable to polymerise in the presence of a chain transfer agent in order to depress molecular 
weight, eg down to 100000 or 200,000. 

The intrinsic viscosity (namely the single point intrinsic viscosity as measured at 0.05% polymer 
concentration in methanol) of linear polymers is generally at least 0.5 and when there is no solid phase the 
IV is preferably at least 1 and preferably at least 2,3 or even 5. for instance it may be 5-10 or higher. 

36 Cross linked, emulsion polymerised, polymers are polymers made from monomers (a), (b) and (c) 
under conditions that would, In the absence of cross linker (d), lead to linear polymers having these 
preferred molecular weight and viscosity properties. 

The emulsion polymerised polymers of the Invention differ from those of GB 1,167,524 and 1,273,552 in 
a number of respects. They are made by oil-in-water emulsion polymerisation, this permitting much higher 

40 molecular weights. They are insoluble and unswollen at the pH at which they are manufactured, and soluble 
or swollen at another, whereas the anionic polymers of GB 1.167,524 are water soluble. The molecular 
weights that are obtained in the invention can be very much higher than anything obtainable in those 
patents. The reason for our being able to obtain high molecular weights is not clear but may be due to the 
effect of the group-BnR on the polymerisation properties of the allyl monomer. The comonomers preferably 

45 are such as to permit high molecular weights and preferably are not such as to reduce molecular weight 
(e.g., maleic anhydride with methyl vinyl ether, as in those patents). 

Other disclosures of polymers containing allyl ethers are in EP 0172723, 0172724 and 0172025, none of 
which were published at the priority date of this application and all of which, so far as the allyl ether 
disclosure is concerned, have the same priority date as this application. 

50 The polymers differ from the polymers disclosed in, for instance, EP 13836 by omitting the acrylic ester 
for introducing the hydrophobic group and using instead the defined allyl ether. It is very surprising that this 
substitution can be made without seriously reducing the molecular weight and without damaging the 
properties of the polymer. It is surprising that the polymers have viscosity and other properties at least as 
good as those of EP 13836 and in many respects better. By the invention the risk of the hydrophobic group 

55 being hydrolysed out of the polymer chain by thermal or pH hydrolysis of the ester linkage is eliminated. It 
is also possible to avoid the other problems outlined above. 

The oil-in-water emulsion polymerisation may be conducted in conventional manner, for instance as 
described in EP 13836. Emulsifler is included to maintain the monomer and the polymer in stable dispersed 
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condition and to provide micelles for the polynnerisation. When monomar (a) Is anionic, suitable emulsifiers 
are anionic, such as sodium alky! phenyl" ether sulphate or sodium lauryl sulphate or sodium dodecyl 
benzene sulphonate, but may be non ionic. When monomer (a) is cationic. the emulsifier is preferably non- 
ionic. 

5 The Initiator is preferably a water soluble initiator, most preferably an alkali metal or ammonium 
persulphate, generally in an amount up to 1 % based on the monomers. Preferably polymerisation is started 
and further monomer is then added. The polymerisation temperature is generally in the range 60 to 100*C. 

Although it is; generally undesirable, in some instances a chain transfer agent such as an alkyl 
mercaptan may be added to the monomer in order to depress molecular weight for example to minimise 

10 flocculation during thickening. 

The amount of monomer, and thus of polymer, in the emulsion is generally from 20 to 60%, most 
preferably 25 to 50%, based on the weight of emulsion. The emulsion has a pH at which the polymer is 
insoluble and substantially unswollen in water (7 or below when monomer (a) is anionic and 7 or above 
when it Is cationic) but upon addition of alkali or acid (for anionic or cationic polymers respectively) the 

15 polymer dissolves or swells and will form a very viscous composition. The polymer can be isolated from the 
water after or, preferably, before the adjustment of pH by, for instance, spray or drum drying to form a 
powder or the polymer may be converted to a concentrated, substantially anhydrous, dispersion in a non- 
aqueous liquid as described in EP 0172025. Often however it is convenient to use the polymer in the form 
of the oil-in-water emulsion in which it is initially produced. The pH adjustment may be made to this 

20 emulsion before use but preferably the emulsion is added to the phase that is to be thickened while the 
polymer is still insoluble and unswollen and the polymer is converted to a viscous thickener by reaction with 
alkali or acid in the aqueous phase. The pH of this aqueous phase may be as high as, for instance, 13 or 14 
when the monomer (a) is anionic and as low as 1 or 2 when monomer (a) is cationic. 

The emulsion polymerised polymer is generally supplied to the user as an oil-in-water emulsion but if 

25 desired may be converted to a water-in-oil dispersion (or a dehydrated product thereoO before use. e.g., as 
described in EP 172025. 

Improved thickening is often achieved in the presence of a surface active agent, generally in an amount 
of from 0.05 of 1 part by weight surfactant per part by weight polymer. Surfactants that will give this effect 
may be selected from anionic, nor-ionic, amphoteric or cationic provided they are compatible with the 
30 polymer and the other components of the aqueous phase. Preferably they are non-ionic or anionic. 
Preferred surfactants are ethoxylated linear alkyl ethers or ethoxylated alkyl phenyl ethers. Often the 
surfactant is the same as or similar to a surfactant alcohol that has been used to form the allyl ether. 

The polymers are of particular value for thickening aqueous media containing electrolyte and optionally 
containing a dispersed phase. For instance the polymers may be used for thickening chemically toxic 
35 aqueous compositions. These may be alkaline compositions such as beaches, caustics and paint removers 
when monomer (a) is anionic. They may be acidic when monomer (a) Is cationic. For instance a cationic 
polymer may be Introduced into an enviornment and then thickened by adding acid. 

The polymers (especially when monomer (a) is anionic) are of particular value for thickening aqueous 
latex paints, both matt, semi-matt and gloss paints. These may contain conventional pigments, dispersants 
40 and binders. 

The polymers (especially when monomer (a) Is anionic) are also of great value for thickening textile 
print pastes. Such systems Include for example reactive dye or acid dye, or pigment pastes especially 
where such pastas are prone to gelling. The other components of the print paste may be conventional. In 
such pastas they not only have the valuable high shear and low shear viscosity properties that are useful In 

45 all thickening situations but they also have the advantage of minimising flushing of the print colour. 
Particularly good results are obtained in combination with surfactant. 

Other uses for the polymers are for thickening oils, as water retention aids, eg in cements, and as 
deicing fluids, for thickening brine (e.g., downhole), for thickening carpet backing latices and for thickening 
textile sizing solution. They can also be used for thickening drilling muds and other downhole electrolyte 

50 liquors such as for acidising or fracturing especially when the polymer contains cationic groups or 
sulphonate groups. Other downhole uses include viscosifiers for enhanced oil recovery, drilling fluids or shut 
off fluids, as fluid loss additives, and for polymer flooding. 

The amount of polymer used is generally in the range 0.05 to 5% weight based on the water content of 
the aqueous phase that is to be thickened. 

65 The polymers can be used for other purposes, e.g., as wallpaper adheslves. 
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Example 1 

\ An emulsion of momomers In water was prepared by mixing 100 g of ethyl acrylate. 80 g of methacrylic 
acid. 20 g of allyl ether of 10 mole ethoxylate of stearyl alcohol, 5 g of Periankrol ESD (trade mark), 0.3 g 
ammonium persulphate and 200 g water. To a reaction vessel containing 2.5 g Periankrol ESD, 0.1 g 
ammonium persulphate In 255,8 g water at 85 • C. degassed for 30 minutes with nitrogen there was added 
5% of the monomer emulsion over a period of 10 minutes* 

After the initial charge had polymerised at 85*0, the remaining monomer emulsion was gradually 
added over a period of two hours at 85 • C. After completion of the monomer feed, the mixture was held at 
85 'C for 15 minutes and then 10 g of 1% ammonium persulphate solution was added. After another 45 
minutes, the mixture was cooled and filtered. 

The filtrate was approximately 30% solids emulsion copolymer in which the polymer composition is 
10% of the allyl ether. 50% ethyl acrylate and 40% methacrylic acid. 

The polymer thus prepared was designated Product A. Further samples of varying composition were 
prepared using this procedure. These were designated in turn as Products B-U. Solutions in water were 
prepared by neutralisation with ammonia to pH 7 or above and the resulting viscosity was measured using a 
Brookfield RVT viscometer. This data along with composition variables Is given in Tables la, lb, and 1c. 
Note In table 1 

MMA = methacrylic acid 
EA = ethyl acrylate 
AES = allyl ether surfactant of formula 
CH2=CR'CH20B„R 
where R* = H 
B = (CH2-CH2-0) 
and n and R are as stated. 
In table la POLYMER H was prepared without using an allyl ether surfactant monomer. This therefore 
served as a control. 

The original measurements were made in centipoises or poises and the units have been converted to 
Pa»s using the conversion factor IcP = IxlO"^ Pa«s 

Table la 



PRODUCT 


MONOMER RATIOS (% by wt) 


SURFACTANT COMPOSITIONS 


SOLUTION 
VISCOSITY 
(Pa.s) 10 rpm 


MAA 


ES 


AES 


n 


R 


POLYMER A 


40 


50 


10 


10 


Stearyl 


14.0 


POLYMER B 


40 


50 


10 


2 


Stearyl 


8.4 


POLYMER C 


40 


50 


10 


20 


Stearyl 


7.2 


POLYMER D 


40 


50 


10 


4 


Lauryl 


0.15 


POLYMER E 


40 


50 


10 


23 


Lauryl 


0.6 


POLYMER F 


40 


50 


10 


30 


C22 


140.0 


POLYMER G 


40 


50 


10 


25 


Octylphenyl 


0.5 


POLYMER H 


40 


60 








900 



35 



40 



45 



Note: n - dodecyl mercaptan was included in each of the above recipes, at 0.2% on total monomer. 



50 



55 
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Table 1b 



PRODUCT 


MONOMER RATIOS (% by wt) 


SURFACTANT COMPOSITIONS 


SOLUTION 
VISCOSITY 
(Pa.s) 10rpm 


MAA 


EA 


AES 


n 


R 


POLYMER J 


40 


55.0 


5.0 


10 


Stearyl 


1.28 


POLYMER K 


40 


52.5 


7.5 


10 


Stearyl 


20.8 


POLYMER L 


40 


50.0 


10.0 


10 


Stearyl 


26.2 


POLYMER M 


40 


47.5 


12.5 


10 


Stearyl 


38.0 


POLYMER N 


40 


45.0 


15.0 


10 


Stearyl 


53,6 


POLYMER P 


40 


42.5 


17.5 


10 


Stearyl 


72.0 


POLYMER Q 


40 


40.0 


20.0 


10 


Stearyl 


93.2 



Note : n - dodecyl mercaptan was included in each of the above recipes at 0.1% on total monomer. 
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Table 1c 



25 



30 



PRODUCT 


MONOMER RATIOS (% by wt) 


SURFACTANT COMPOSITOINS 


SOLUTION 
VISCOSITY 
{Pa.s) lOrpm 


MAA 


EA 


AES 


n 


R 


POLYMER L 


40 


50 


10 


10 


Stearyl 


100 


POLYMER R 


30 


60 


10 


10 


Stearyl 


31 


POLYMER S 


25 


65 


10 


10 


Stearyl 


15.8 


POLYMER T 


20 


70 


10 


10 


Stearyl 


12.2 


POLYMER U 


15 


75 


10 


10 


Stearyl 


0.26 



Note : n - dodecyl mercaptan was included in each of the above recipes at 0,1% on total monomer. 



35 



40 



Example Id 

The effectiveness of polymers AA-AF prepared from other alkyi (meth) acrylate/carboxylic acid mon- 
omers Is shown. 

Table Id 



Product 


Monomer Ratio (% by wt.) 


Solution Viscosity 
(Pa.s) at 10 rpm 


MAA 


AA 


lA 


MA 


EA 


BA 


MMA 


AES 


Polymer AA 


40 






50 








10 


76.3 


Polymer AB 


40 










50 




10 


2.4 


Polymer AC 


35 


5 






50 






10 


42.4 


Polymer AD 


30 


10 






50 






10 


11.3 


Polymer AE 


37.5 




2.5 




50 






10 


48.0 


Polymer AF 


40 








25 




25 


10 


2.94 



45 



50 



Note : n-dodecyl mercaptan was included in each of the above recipes at 0.1% on total monomer. 



55 



The abbreviations used to denote the monomer are as follows:- 
MAA = methacrylic acid 
AA = acrylic acid 
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lA - itaconic acid 

MA = methyl acrylate 

EA =*ethyl acrylate 

BA = butyl acrylate 

MMA = methyl methacrylate 

AES = allyl ether surfactant as previously defined with n = 10 and R = stearyL 



Example 2 

The influence of electrolyte on the thickening efficiency of products of this type was investigated. Three 
polymers, having compositions as described below were prepared as 2.0% active solutions In deionised 
water and 0.5% Nad solution. Solution viscosities were measured using a Brookfield RVT viscometer over a 
range of speeds as indicated. 

POLYMER V: As POLYMER A but without n-dodecyl mercaptan 

POLYMER W: As POLYMER v but with 250 ppm diallylphthalate. 

POLYMER X: As POLYMER H but with 250 ppm diallylphthalate 

Table 2 



PRODUCT 


2.5 rpm 


10 rpm 


100 rpm 


H2O 


0.5% NaCI 


H2O 


0.5 NaCI 


HzO 


0.5% NaCI 


POLYMER V 


200 


272 


130 


180 


28.5 


35 


POLYMER W 


284 


240 


180 


85 


25 


22 


POLYMER X 


150 


11.2 


22 


3.7 


4.2 


0.68 



Polymer X having no allyl ether surfactant monomer was present to serve as a control. 
Polymer V had intrinsic viscosity of 2.5 measured by single point method in methanol at 0.05%. 



Example 3 

The influence of additional surfactant on the thickening efficiency of products of this type was 
investigated. To 2.0% active solutions of POLYMER A was added increasing amounts of various surfactants. 
The solution viscosity was remeasured after each addition, and is listed in Table 3 as an index relative to 
the initial viscosity in the absence of surfactant. 



Table 3 



SURFACTANT TYPE 


SURFACTANT CONCENTRATION 


0.1% 


0.2% 


0.3% 


Lauryl alcohol. 4 ethoxylate 


188 


258 


271 


Stearyl alcohol. 10 ethoxylate 


104 


115 


135 


Sodium Lauryl sulphate 


163 


625 


798 


Sodium C12-C15 alcohol ether sulphate 


149 


214 


244 



Example 4 

To demonstrate the greater stability attained by linking the hydrophobe through an ether linkage rather 
than an ester linkage, and to eliminate variables due to other monomers in the polymer, a comparison was 
conducted between the hydrolytic stability of the ester of acrylic acid with polyoxyethylene (23 moles) lauryl 
ether and of the ether of the same lauryl ether with allyl alcohol (formed by reacting the sodium derivative 
of the ether with allyl chloride). 
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A 2.0% solution of each monomer was placed in a thermostated water bath at 45*C. Each was taken to 
- pH 11 .0 with 0.0986-M NaOH. The pH was checked every hour and readjusted to pH 11 .0 by the addition of 
further NaOH. The volume of NaOH required was noted and hence the percentage hydrolysis was 
calculated for each monomer. 

5 

Table 4 



T1IV1E 


ACRYLATE MONOMER 


ALLYL ETHER MONOMER 


hours 












Vol NaOH (cm3) 


% Hydrolysis 


Vol NaOH (cm3) 


% Hydrolysis 


0 


1.05 


0 


1,00 


0 


1 


6.75 


37.0 


0 


0 


2 


12.70 


69.7 


0 


0 


3 


18.10 


99.3 


0 


0 



From this it is apparent that the allyl ether linkage is much more chemically stable than the acrylate 
linkage. 

20 

Example 5 

In order to demonstrate the usefulness of polymers of this type for thickening aqueous alkaline solution 
eg caustics and paint removers, solutions of POLYMER A and POLYMER F were prepared 2.0% active in 
25 10% NaOH solution. The resulting solution viscosities were measured using a Brookfield RVT viscometer 
over a range of speeds. 

Table 5 



PRODUCT 


BROOKFIELD VISCOSITY (Pa.s) 




2.5 rpm 


10 rpm 


20 rpm 


100 rpm 


POLYMER A 


52 


24,5 


16 


4.6 


POLYMER F 


54 


16.5 


9.0 


2.5 



This clearly demonstrates the high level of thickening efficiency which polymers of this type are able to 
exhibit in such systems. 

40 Example 6 

Emulsion Paints 

Two matt emulsion paints (MEP1 and 2) were prepared using polymers according to the invention and 
45 one (MEP3) using a conventional paint thickener Natrosol 250 HR*. Each paint was made to 65% pigment 
volume concentration from the following "Mill Base" and "Let Down" recipes. 



so 



55 
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Mill Base 


Parts t>y weight 


Water 


15.00V1 9.302 


Dispersing agent 


0.46 


Bactericide 


0.05 


Hexylene glycol 


1.00 


ueToarner 


A AC 


Thickener 


1 .00^/0.302 


0.880 ammonia 


0.20 


Titanium dioxide 


19,75 


Calcium carbonate 


19.75 


Talc 


6.59 


Let Down 




Latex binder 


16.18 


Coalescing solvent 


0.80 


Water 


18-77V1 5.372 


0.880 ammonia 


0.40 



1 . Quantity used wit aqueous thickener of the Invention In paints 
MEP1 and 2. 

2. Quantity used with conventional thickener in paint MEP3. 
*Natrosol is a trade mark. 



The components of the "Mill Base" were milled under high shear at 2290 rpm to Hegman Gauge 7-8. 
The components of the "Let Down" were then added at a reduced speed of 890 rpm. The paints were then 
stored for a period of 7 days at room temperature before characterisation. 

Table 6 



Paint Sample 
Code 


Thickener 
(0.3% dry on total) 


Final pH 


Brookfleld RVT 
@ 20 rpm (Pa.s) 


Stormer Viscosity 
(Krebs Units) 


ICI Rotothinner 
Viscosity (Poise) 


MEP-1 


POLYMER A 


0.9 


12.0 


108 


0.95 


MEP-2 


POLYMER W 


0.9 


25.2 


121 


1.00 


MEP-3 


NATROSOL 250HR 


0.91 


12 


105 


0.76 



Each of the above points was evaluated for its spatter properties using the following test procedure. 

A board, approximately 30 x 42 cm was mounted vertically above a work bench the bottom edge being 
positioned 20 cm above the surface of the bench. A piece of black card measuring 24 x 31 .5 cm was then 
placed on the surface of the bench top directly below the board in order to catch any droplets or "paint 
mist" spattering from the roller. 

Each paint was poured in turn into a roller tray and applied to the vertical board using a lambswoot 
roller. The standard conditions adopted for this test involved 10 upstrokes and downstrokes of the roller on 
the board. The black card was then removed for inspection. The degree of spatter was assessed visually 
and rated on a scale of 1-5 with 1 being excellent ; ie no spatter and 5 l>eing very poor ; ie severe spatter. 
The results recorded were as follows : 



Paint Sample Code 


Spatter 


MEP-1 
MEP-2 
MEP-3 


2 - Very Good 
1 - Excellent 
4 Poor 
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Example 7 

Carpet backing formulations 

The use of products of this type as thickeners for carpet backing formulations has been demonstrated 
according to the following information. 



Formulation 


A 


B 


Total Solids (nominal) 


76% 


40% 


Filler: Binder Ratio (dryidry) 


8:1 


15 


Latex Binder (50% active) 


15.6 


49.5 


Calcium carbonate filler 


67.5 


13.0 


Surfactant 


0.1 


0.1 


Dispersant 


1.0 


1,0 


Thickener + water 


to 100 


to 100 



The amount of thickener was selected such that Formulation A had viscosity 9 Pa«s (9000 cp) and B 
had viscosity 6 Pa* s (6000 cp), Brookfield RVT viscometer, spindle 5 to 10 rpm. 

fn this instance Polymer E fully neutralised as Na"^ salt was compared as thickeners with VISCALEX AH 
10 (carboxylated acrylic gel polymer sold by Allied Colloids Limited as a thickener for carpet backing 
compounds). The following results were obtained. 

Table 7 



BROOKFIELD VISCOSITY (Pa.s) 




FORMULATION A 


FORMULATION B 


THICKENER TYPE 


Viscalex AH 10 


Polymer E 


Viscalex AH 10 


Polymer E 


ADDITION LEVEL (% Dry on Total) 


0.16 


0.035 


0.90 


0.15 


Initial Viscosity 


9.1 


8.6 


5.8 


6.0 


Day 1 Viscosity 


9.0 


8.6 


5.6 


6.2 


Day 2 Viscosity 


9.0 


3.6 


5.8 


6.2 



The improved level of effiency of the polymers of the invention is cleariy deomonstrated. 
Printing Pastes 

In the examples which follow, all print paste viscosities were measured with a Brookfield RVT 
viscometer at speed 10 rpm, spindle 6 at 20 'C. Printing was carried out using a variety of screens, each 
being constructed of 156 mesh polyester filament 
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Example 8 

A printing clear was prepared according to the recipe given in Table 8. 

Tabled 



COMPONENT 


% by wt 


Ammonia (0.880) 


0,5 


Emulsifier* 


2.0 


Odourless kerosene 


40.0 


Binder latex (40% solids) 


12.0 


Polymer W 


1.7 


Water 


43.8 



* e.g., ethoxylated nonyl phenol (14 moles ethylene oxide) 



A viscosity of 20 Pa«s (20.000 cp) was obtained after stirring for 10 minutes. The clear was then 
divided and pigment printing pastes prepared by mixing 9.8 parts of this stock with each of the following 
pigments: 

(i) Imperom Blue KRR - 4 parts 
(il) Helizarin Bordeaux R - 4 parts 

These pastes were then re-thickened by stirring in additional quantities of Polymer W until a viscosity of 
20 Pa»s (20,000 cp) was again obtained. The amounts of Polymer W required were found to be 0.19 parts 
and 0.23 parts for the blue and bordeaux pigments respectively. 

Both pastes were printed on to a plain woven 50/50 cotton fabric. The prints were then dried and cured 
for 4.5 minutes of 150*C. In each case excellent colour yeild, brightness and find line definition were 
observed. 

Example 9 

A series of printing clears was prepared In which the concentration of Polymer A was progressively 
increased. The recipes are given in Table 9a below, where all figures refer to parts by weight : 

TAble 9a 



Paste A B C D 

Component 



Ammonia (0.880) 


0.5 


0.5 


0.5 


0.5 


Binder latex (40% solids) 


12.0 


12.0 


12.0 


12.0 


Water 


85.88 


85.65 


85.56 


85.21 


Thickener* 


1.62 


1.60 


1.44 


1.29 


Polymer A 




0.25 


0.50 


1.00 



* The thickener used was a 50% active dispersion of a cross-linked polyaaylic add such on described in 
US 4554018. In each case the concenlratk>n employed was chosen so as to give a visoo^ of 20 Pa s 
(20.000 cp). 
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Printing pastes were then prepared from each clear by mixing 96 parts with 4 parts of the following 
black pigments and stirring by efficient mechanical means for 5 minutes. 

(i) Imperon Black KGF 

(ii) Acramin Black FBRK 

The viscosity of each paste was then remeasured at 20 ' C. The results were as follows : 

Table 9b 



70 



75 



PASTE 


VISCOSITY (Pa.s) 


Black KGF 


Black FBRK 


A 


50 


66.0 


B 


29.4 


30.6 


C 


23.0 


25.2 


D 


19.6 


20.2 



The two pastes A, prepared without the addition of Polymer A, were highly viscous gels and were 
considered unsuitable for practical use. As the concentration of Polymer A was increased, the increase in 
20 viscosity, compared with the initial clears, was greatly reduced. All pastes B. C and D were of the conrect 
rheology for commercial printing. 

Example 10 

25 Printing pastes were prepared using Polymer A and a cross-inked polyacrytic acid thickener In an 
analagous manner to that outlined above. The recipes were as follows, all figures referring to parts by 
weight. 



30 



Table 10a 



35 



Ouinoneiit 



B 



H 



40 



45 



tanonia (0.880) 0.5 
Binler laUx (40%) 12.0 

Ibter 

ndcScener 
P6lyne± A 

Inperon Blue XRR 4.0 

BellzaEih 

BacdeatJK R 



0.5 0.5 0.5 0.5 0.5 0.5 0.5 
12.0 12.0 12.0 12.0 12.0 12.0 12.0 
to 100% 



1.62 1.61 1.44 1.29 1.65 1.84 1.82 1.79 



0.25 
4.0 



0.5 
4.0 



1.0 
4.0 



- 0.25 0.5 1.0 



- 4.0 4.0 4.0 4.0 



50 



Each paste was printed on to a substrate which was known to cause severe flushing or haloing wen 
printed with many existing formulations. The fabric chosen was a plain woven 50/50 polyester/cotton which 
had been preresinated a using a DHDHEU resin and also contained a magnesium chloride catlyst 
55 The severity of flushing was critically assessed by using a printing screen which consisted of a series 
of five lines and criss-cross patterns. Immediately after printing, the fabric was allowed to dry for 2 minutes 
under atmospheric conditions before being dried at 150*C for 2 minutes (drying quickly causes the 
movement of print paste to be halted). 
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The extent to which flushing occurred was then assessed on an arbrtary 1-10 scale, where 1 indicates a 
perfect print without any sign of flushing and id indicatisis severe flushing. The reisults are given below : 

Table 10b 



PRINT 
PASTE 


BLUE 


PASTE 


BORDEAUX 


A 


8 


E 


8 


B 


5 


F 


3 


C 


3 


G 


3 


D 


2 


H 


2 



The Inclusion of Polymer A into the printing paste is clearly seen to bring at>out a dramatic 
improvement in print quality, with a 1% addition virtually eliminating flushing, it Is considered that a rating of 
3 or below would represent a commercially acceptable print. 

Example 1 1 

A latex was formed by oil in water emulsion polymerisation using ammonium persulphate of 40 parts by 
methacrylic acid. 50 parts by weight ethyl acrylate and 10 parts by weight of a surfactant ether formed from 
allyl chloride and the reaction product of polyoxyethylene (10 moles) stearyl ether with sodium methoxide. 

200 grams of the latex was homogenised into an oil phase comprising 7.0grams of Span 80,23.3 grams 
of a 30% active solution of a 2:1 molar copolymer of ceto-stearyl methacrylate : hydroxyetylmetacrylate in 
SBP11, 39.2 grams of Pale Oil 60 and 96.0 grams of SBP11. The resulting inverse emulsion was then 
dehydrated by distilling off water and SBP11 under reduced pressure to a final pressure of 10 mm*Hg and 
a temperature of 95 • 0. 

The resulting anhydrous polymer-in-oil dispersion was activated by mixing in 5.6 grams of Ethylan 
D254 to produce a self-emulsifiable liquid poIymer-in-Oil dispersion having 50% active solids. Span and 
Ethylan are trade marks. 

Upon addition of this dry dispersion to deionised water or 0.5% NaCI solution to form a 2% solution, the 
Brookfield viscosity at spindle 6 is 352 or 480 Pa«s (352,000 or 480,000 cps) respectively at 2.5 rpm and 
28 or 35 Pa»s (28,000 or 35,000 cps) at 100 rpm. 

Example 12 

The process of Example 1, for Polymer A, was repeated except that the free acid monomer was 
replaced by a free base monomer as indicated in Table 12a. The Periankrol surfactant was replaced by 
Ethylan HA (non-ionic). 

Polymers having the compositions Indicated in the table below were prepared at 1% active in water by 
neutralisation with HCI, and the resulting viscosity was measured using a Brookfield RVT viscometer. 



15 



EP 0 216 479 B2 



Table 12a 



Product 


Monomer Ratio (% by wt.) 


Surfactant Composition 


Solution Viscosity (Pa.s) @ 
10 rom (Pa.s) 


DMAEMA 


NMA 


AES 


n 


R 


Polymer AH 


45 


35 


20 


10 


stearyl 


29 


Polymer AJ 


50 


30 


20 


10 


stearyl 


68 


Polymer AK 


55 


25 


20 


10 


stearyl 


136 


Polymer AL 


60 


20 


20 


10 


stearyl 


80 


Polymer AM 


40 


35 


25 


10 


stearyl 


74 


Polymer AN 


40 


30 


30 


10 


stearyl 


27 


Polymer AP 


40 


25 


35 


10 


stearyl 


5.2 


Polymer AQ 


40 


20 


40 


10 


stearyl 


1.7 



DMAEMA = dimethylaminoethylmethacrylate 
MM A = methylmethacrylate 

AES = allyl ether surfactant 



In order to demonstrate the effectiveness of polymers of this type in thickening highly acidic media 
Polymer AH was used to thicken 15% solutions of different acids at 5% active polymer. The results 
obtained are given in Table 12B. 

Table 12b 



Product 


Acid Type (solution conc^ w/w) 


Solution Viscosity 






(Pa.s) ©10 rpm 


Polymer AH 


1 5% hydrochloric acid 


2.2 


Polymer AH 


15% phosphoric acid 


6.4 


Polymer AH 


15% acetic acid 


96 



This polymer is useful for thickening aqueous acidic liquors, such as battery liquids. 
Claims 

1. A polymer selected from polymers that are substantially non swelling and insoluble in water but soluble 
or swellable in aqueous acid or alkali, cross linked polymers, and linear polymers having intrinsic 
viscosity at least 0.5 (measured as single point at 0.05% concentration in methanol), and formed by oil- 
in-water emulsion polymerisation of 

(a) 5 to 90% by weight of ethylenically unsaturated ionic monomer 

(b) 5 to 90% by weight of water insoluble ethylenically unsaturated substantially non-ionic monomer 

(c) 1 to 90% by weight of an ethylenically unsaturated monomer that carries a pendant group BnR 
where B is ethylenoxy, n is zero or a positive integer, and R Is a hydrocarbyl group of 8 to 30 
carbons selected from alkyl, aralkyi, aryl, alkaryl and cycloalkyi 

(d) 0 to 1 % by weight of cross linking agent that is polyethylenically unsaturated monomer, 
characterised In that monomers a. b. c and d are mixed before the polymerisation and that 

monomer (c) is an allyl ether of the formula GH2 = CR'CHaOBnR where R' is hydrogen or methyl. 

2. A polymer according to claim 1 in which monomer (a) comprises a vinyl carboxylic acid monomer. 

3. A polymer according to claim 2 in which monomer (a) Is selected from acrylic acid and methacrylic 
acid and mixtures thereof. 

4. A polymer according to claim 1 in which monomer (a) comprises a cationic monomer. 



16 



EP 0 216 479 B2 



5. A polymer according to claim 4 in which monomer (a) is selected from dialkylamlnoalkyi (meth) 
acrylate monomers and dialkylanhinoalkyi (meth)~acrylamide monomers. 

6- A polymer according to any preceding claim in which, in monomer (c), R' is hydrogen, m and p are 
5 each zero and n is from 5 to 100. 

7. A polymer according to any preceding claim in which, in monomer (c). B contains 10 to 24 cartK>n 
atoms and is selected from alky! and alkaryl. 

70 8. A polymer according to any preceding claim formed from 20 to 60% by weight acrylic acid and/or 
methacrylic acid. 5 to 60% by weight ethyl acrylate and 2 to 50% by weight of the allyl ether, and 0 to 
1 % cross linking agent. 

9- A polymer according to any preceding claim in which monomer (b) is selected from styrene. alkyl- 
15 substituted styrenes. halo-substituted styrenes, (meth) acrylon'rtriie, vinyl alkanoates, vinyl halides, 
vinylidene halides, hydroxy alkyi (meth) acrylates, alkoxy alky! (meth) acrylates and alky! (meth) 
acrylates. 



20 



10. A polymer according to claim 9 in which monomer (b) is selected from Ci-4 alkyI (meth) acrylates. 

11. A polymer according to any preceding claim in which the said cross linking agent was present during 
the polymerisation. 

12. A polymer according to claim 11 in which the amount of the said cross linking agent was up to 0.2% by 
25 weight. 

13. A polymer according to claim 11 in which the amount of the said cross-linking agent was up to 0.1% by 
weight. 

30 14. A polymer according to any of claims 1 to 10 in which the polymer is linear, is formed in the absence 
of the cross linking agent, and has a molecular weight above 0.5 million. 

15. A polymer according to any of claims 1 to 10 in which the polymer is linear, is formed in the absence 
of the cross linking agent and has intrinsic viscosity of at least 3. 



35 



16. Use of a polymer according to any preceding claim for thickening an aqueous composition. 



17. A composition comprising a polymer according to any of claims 1 to 15 and which is In the form of an 
aqueous emulsion at a pH such that the polymer is insoluble and substantially unswollen and non- 
40 thickening but can be converted to a dissolved or swollen and thickening state by the addition of acid 

or alkali. 

18. A composition comprising a polymer according to any of claims 1 to 15 and that is at a pH such that 
the polymer is dissolved or swollen and the composition is thickened by the polymer. 



45 



19. A composition according to claim 18 selected from print pastes and emulsion paints. 



20. A composition according to any of claims 17 to 19 and which also contains surfactant in an amount of 
0.05 to 1 part per part by weight polymer. 

so 

Patentansprtiche 

1. Polymer, ausgewahlt unter Polymeren, welche in Wasser im wesentltchen nicht quellen und unloslich 
sind, aber in waBriger Saure Oder Alkali loslich oder quellbar sind, vernetzten Polymeren und linearen 
56 Polymeren mit einer Grenzviskositat von mindestens 0.5 (gemessen als einziger Punkt bei einer 
Konzentration von 0,05% in Methanol), und gebildet durch OI-in-Wasser-Emulsionspolymerisation von 

(a) 5 bis 90 Gew.-% eines ethylenisch ungesattigten ionischen Monomers, 

(b) 5 bis 90 Gew.-% eines ethylenisch ungesattigten. im wesentlichen nicht-ionischen Monomers, 
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(c) 1 bis 90 Gew.-% eines ethytenisch ungesattigten Monomers, weiches eine daran hangende 
Gnjppe BnR tragt, worin B fOr Ethylenoxy steht, h~0 oder eine positive ganze Zahl ist und R eine' 
Kohlenwasserstoffgruppe mit 8 bis 30 Kohlenstoffatomen darstellt. ausgewahit unter All<yl, AralkyI, 
Aryl. Alkaryl und CycloalkyI, 

(d) 0 bis 1 Gew.-% eines Vernetzungsmittels. welches etn potyetfiylenisch ungesattigtes Monomer 
ist, 

dadurch gekennzeichnet, dafi die Monomere a, b, c und d vor der Polymerisation vermischt werden 
und dafi das Monomer (c) ein Allyletlier der Formel CH2 =CR'CH20B„R ist, worin R' fiir Wasserstoff 
Oder Methyl steht. 

2. Polymer nach Anspruch 1, worin das Monomer (a) ein Vinylcaitensaure-monomer ist. 

3. Polymer nach Anspruch 2, worin das Monomer (a) unter Acryisaure und MethacrylsSure und Geml- 
schen hievon ausgewahit ist. 

4. Polymer nach Anspruch 1, worin das Monomer (a) ein kationisches Monomer ist. 

5. Polymer nach Anspruch 4, worin das Monomer (a) unter Dialkylamino-alkyl(meth)acrylatmonomeren 
und Dialkylaminoalkyl(meth)acryIamidmonomeren ausgewahit Ist. 

6. Polymer nach einem der vorstehenden Anspruche, worin im Monomer (c) R' fur Wasserstoff steht, m 
und p beide 0 sind und n von 5 bis 100 betragt. 

7- Zusammensetzung nach einem der vorstehenden Anspruche, worin im Monomer (c) R 10 bis 24 
Kohlenstoffatome enthSIt und aus Alkyt und Alkaryl ausgewahit ist 

8. Polymer nach einem der vorstehenden Anspruche, welches aus 20 bis 60 Gew.-% Acryisaure und/oder 
Methacrylsaure, 5 bis 60 Gew.-% Ethylacrylat und 2 bis 50 Gew,-% des Allylethers und 0 bis 1% 
Vemetzungsmittei hergestelit wird. 

9. Polymer nach einem der vorstehenden Anspruche. worin das Monomer (b) unter Styrol, Alky-substitu- 
ierten Styrolen, Halogen-substituierten Styrolen, (Meth)acrylnitril. Vinylalkanoaten. Vinylhalogeniden, 
Vinylidenhalogeniden, Hydroxyalkyl(meth)acrylaten, Alkoxyalkyl(meth)acrylatenund Alkyl(meth)acrylaten 
ausgewShIt ist. 

10. Polymer nach Anspruch 9, worin das Monomer (b) aus Ci-4-Alkyl(meth)acrylaten ausgewahit ist. 

11. Zusammensetzung nach einem der vorstehenden Anspruche, worin das genannte Vemetzungsmittei 
wahrend der Polymerisation vorlag. 

12. Zusammensetzung nach Anspruch 11, worin die Menge des genannten Vernetzungsmittels bis zu 0,2 
Gew.-% betrug. 

13. Zusammensetzung nach Anspruch 11, worin die Menge des genannten Vernetzungsmittels bis zu 0,1 
Gew.-% betrug. 

14. Polymer nach einem der Anspruche 1 bis 10. worin das Polymer linear ist, in Abwesenhelt des 
Vernetzungsmittels hergestelit wird und ein Molekulargewicht Uber 0.5 Millionen aufweist. 

15. Polymer nach einem der Anspruche 1 bis 10, worin das Polymer linear ist, in Abwesenheit des 
Vernetzungsmittels hergestelit wird und eine Grenzviskositat von mindestens 3 aufweist. 

16. Verwendung eines Polymers nach einem der vorstehenden AnsprQche zum Verdicken einer waBrigen 
Zusammensetzung. 

17. Zusammensetzung, umfassend ein Polymer nach einem der Anspruche 1 bis 15. weiche in der Form 

einer wafirigen Emulsion bei solch einem pH-Wert vorliegt, dafi das Polymer unloslich und Im 
wesentlichen nicht gequollen und nicht verdickend ist, aber durch die Zugabe von Saure Oder Alkali in 
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einen geldsten oder gequollenen und verdickenden Zustand ubergefuhrt werden kann. 

18. Zusammensetzung, umfassend ein Polymer nach einem der AnsprOche 1 bis 15, wetehe bei solch 
einem pH-Wert voriiegt. da6 das Polymer gelost Oder gequollen ist und die Zusammensetzung durch 

5 das Polymer verdickt wird. 

19. Zusammensetzung nach Anspruch 18, ausgewahit unter Druckpasten und Emulslonsfarfoen. 

20. Zusammensetzung nach einem der Anspruche 17 bis 19, wetche auch ein grenzflachenaktives Mfttel in 
10 einer Menge von 0,05 bis einem Teil je Gewlchtsteil Polymer beinhaltet. 

Revendications 

1. Un polymere choisi parmi les polymeres qui sent substantiellement non gonflables et insolubles dans 
75 Teau, mais solubles et gonflables dans un acide aqueux ou dans un alcali aqueux, les polymeres 

rSticul^s et les polymeres lin^aires ayant une viscosity tntrins§que d'au molns 0,5 (mesur§e en un seul 
point a une concentration de 0,05 % dans le methanol), et formes par polymerisation en Emulsion du 
type huile-dans-eau de : 

(a) 5 ^ 90 % en poids de monomere ionique ^thyleniquement insatur^, 
20 (b) 5 h 90% en poids de monomere substantiellement non tonique ^thyleniquement Insature, 

insoluble dans I'eau, 

(c) 1 ^ 100 % en poids d*un monomere ethyl^niquement insatur^ qui porte un groupe pendant BpR 
dans lequel B est un groupe ^thyleneoxy, n est §gal k z6ro ou un nombre entier positif, et R est un 
groupe hydrocarbyle de 8 a 30 atomes de carbone choisi parmi les groupes alkyles, aralkyles, 

25 aryles, alcaryles et cycloalkyles, 

(d) 0 a 1 % en poids d'un agent de reticulation qui est un monomere polyethyl^niquement Insaturd, 
caract^ris^ en ce que les monomeres (a), (b). (c) et (d) sont melanges avant la polymerisation et 
que le monomere (c) est un ether allylique de formule CH2 =CR'CH20BnR dans laquelle R' est un 
atome d'hydrogene ou un groupe methyle. 

30 

2. Un polymere selon la revendlcation 1, selon lequel le monomere (a) comprend un monomere acide 
vinylcarboxylique. 

3. Un polymdre selon la revendlcation 2, selon lequel le monomere (a) est choisi parmi Tacide acrylique 
35 et I'acide m^thacrylique et leurs melanges. 

4. Un polymere selon la revendicatlon 1, selon lequel le monomere (a) comprend un monomere 
cationique. 

40 5. Un polymere selon la revendlcation 4, selon lequel le monomere (a) est choisi parmi les monomeres 
(meth)acrylate de dialkylaminoalkyle et les monomeres dialkylaminoalkyl-(meth)acrylamide. 

6. Un polymere selon Tune quelconque des revendications precedentes, selon lequel, dans le monomere 
(c), R' est un atome d'hydrogene, m et p sont ^gaux chacun k ziro et n est de 5 ^ 100. 

45 

7. Un polymere selon Tune quelconque des revendications precedentes, selon lequel, dans le monomere 
(c), R contient 10 24 atomes de carbone et est choisi parmi les groupes alkyles et alcaryles. 

8. Un polymere selon Tune quelconque des revendications precedentes forme a partir de 20 a 60 % en 
50 poids d'acide acrylique et/ou d'acide methacryiique. de 5 ^ 60 % en poids d*acrylate d'^thyle et de 2 

50 % en poids d'ether allylique et de 0 a 1 % d'agent de reticulation. 

9. Un polymere selon I'une quelconque des revendications precedentes, selon lequel le monomere (b) est 
present et est choisi parmi les suivants : styr^ne, alkylstyrenes, halostyrenes, (meth)acrylonitrile, 

56 alcanoates de vinyle. halogenures de vinyle, halogenures de vinylidene, (meth)acrylates d'hydroalkyle, 
(meth)acrylates d'alcoxyalkyle et (meth)acrylates d'alkyle. 
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10. Un polymere selon la revendication 9, selon lequel le monomere (b) est choisi pamni les (meth)- 
acrylates de Ci -4-alkyle. - - - ^ 

11. un polymere selon Tune quetconque des revendications pr^c^dentes, selon lequel ledit agent de 
5 reticulation est present durant la polymerisation. 

12. Un polymere selon la revendication 11, selon lequel la quantity dudit agent de reticulation peut 
atteindre 0,2 % en poids. 

10 13. Un polymere selon la revendication 11, selon lequel la quantite dudit agent de reticulation peut 
atteindre 0,1 % en poids. 

14, Un polymere selon Tune quelconque des revendications 1 a 10. selon lequel le polymere est lineaire. 
est forme en I'absence de Tagent de reticulation et a un poids molecuiaire sup^iieur a 0.5 million. 

76 

15. Un polymere selon Tune quelconque des revendications 1 a 10, selon lequel le pdym^re est lineaire, 
est forme en Tabsence de I'agent de reticulation et a une viscosity Intrinseque d*au moins 3. 

18. Utilisation d'un polymere selon Tune quelconque des revendications precedentes pour epaissir une 
20 composition aqueuse. 

17. Une composition comprenant un polymere selon Tune quelconque des revendications l a 15 et qui est 
sous la forme d*une Emulsion aqueuse a un pH tel que le polymere est insoluble et substantieflement 
non gonfle et non epaississant, mais peut etre convert! a I'etat dissous ou gonfle et epaississant par 

25 Taddition d'un acide ou d*un aicali. 

18. Une composition comprenant un polymere selon Tune quelconque des revendications 1 a 15 et qui est 
a un pH tel que le polymere est dissous ou gonfle et la composition est epaissie par le polymere. 

30 19. Une composition selon la revendication 18. seiectionn^e parmi les pStes d'impression et les peintures 
en emulsion. 

20. Une composition selon Tune quelconque des revendications 17 a 19 et qui contient egalement un 
surfactant en quantity de 0,05 It 1 partie par partie en poids de polymere. 

36 
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